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1. The Fractionation of Potato Starch by Means of Aluminium 
, Hydroxide. 


By E. J. Bourne, G. H. Donnison, S. Peat, and W. J. WHELAN. 


Aluminium hydroxide, precipitated in situ, will almost completely adsorb potato starch from 
aqueous solution. When the precipitate is boiled with water the amylose fraction passes into 
solution but little or none of the amylopectin dissolves. If less aluminium hydroxide is used the 
amylopectin is preferentially adsorbed, and an amylose fraction of high blue-value remains 
in the supernatant liquid. Factors influencing the isolation of this amylose fraction have been 


examined, and a new method based upon these observations is suggested for the fractionation 
of starch. 


Tue chief methods at present in use for the separation of the branched (amylopectin) and 
largely unbranched (amylose) components of starch depend on the precipitation of a water- 
insoluble complex which the amylose component forms with a variety of polar reagents such 
as butanol (Schoch, J. Amer. Chem. Soc., 1942, 64, 2957), pentasol (Schoch, ‘“‘ Advances in 
Carbohydrate Chemistry,” I, 259), cyclohexanol, thymol (Haworth, Peat, and Sagrott, Nature, 
1946, 157, 19; Bourne, Donnison, Haworth, and Peat, J., 1948, 1687), nitroparaffins (Whistler 
and Hilbert, J. Amer. Chem. Soc., 1945, 67, 1161), and fatty acids (Schoch and Williams, 
J. Amer. Chem. Soc., 1944, 66, 1232). Either the amylopectin component does not form com- 
plexes with these reagents or the complexes formed are soluble in water saturated with excess 
of the reagent. 

It is convenient in certain circumstances to be able to reverse the order of fractionation 
and to precipitate the amylopectin component, leaving the amylose in solution. This we have 
been able to do by co-precipitation of aluminium hydroxide and the amylopectin component 
of starch. By adhering to the conditions prescribed below it is possible in this way to remove 
the branched-chain component while leaving in solution an amylose which, although it is 
obtained in lower yield, has a higher blue-value than that of the amylose prepared by earlier 
procedures. 

In the course of a study of the adsorption of starch by insoluble metal hydroxides it was 
observed that in a number of cases the amylopectin was preferentially adsorbed. In particular, 
the hydroxides of iron, aluminium, and chromium appeared to offer the possibility of a new 
method for the fractionation of starch. Samec (Biochem. Z., 1929, 205, 104), following up 
a suggestion by Stern (Z. angew. Chem., 1928, 41, 88), showed that a partial separation of amylose 
and amylopectin was achieved by the treatment of a starch dispersion with barium hydroxide. 
The method yielded, however, only a part of the amylopectin present, and was unsuitable for 
the preparation of an amylose free from amylopectin. Accordingly, our investigations were 
confined to the hydroxides of iron, chromium, and aluminium. Preliminary experiments 
established that the best separation was afforded by the im situ formation of aluminium 
hydroxide. Iron was discarded because the soluble amylose fraction was contaminated with 
colloidal ferric hydroxide, and chromium because the amylopectin-chromium hydroxide 
precipitate was extremely voluminous and difficult to separate. 

To aqueous dispersions (3%) of potato starch were added varying amounts of hydrated 
aluminium sulphate (ranging from 0°3 g./g. of starch to 4‘0 g./g. of starch) followed by a slight 
excess of ammonia. In each case a portion of the starch was not adsorbed and could be 
recovered from the supernatant liquid by precipitation with alcohol (see Table IA). This 
fraction (A), representing 1-2—10°3% of the starch, invariably had a higher blue-value (varying 
from 1°11 to 1°36 in six experiments, Table IB) than that of thymol—amylose (given as 1°10 by 
Bourne, Donnison, Haworth, and Peat, Joc. cit.). Exhaustive extraction of the aluminium 


hydroxide with boiling water gave fractions (B to D) some of which (e.g., in separation IV. 
B 
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TABLE I, 
Fractionation of potato starch with aluminium hydroxide (precipitated from the sulphate). 
A. Percentage yields of fractions. 








Starch Al,(SO,)3;,18H,O Yields of fractions (%). 
(g-) . (g./g. of dry f . ~ 
No (dry basis). starch). A. B. Cc. D. E. 
36 0-3 10-2 2-3 1-2 oe pas 
II 30 0:3 9-8 4-1 7-2 1-6 67-4 
III 30 0-3 10:3 4:5 7-0 0-9 — 
IV 20 1-5 1-2 11-0 8-1 2-6 30°5 
Vv 30 4:0 1-7 11-3 11-3 — —_ 
VI 30 4:0 8-4 4-1 58 2-2 57-8 
B. Blue-values of fractions. 
Fraction. 
No. A. B. Cc. D. E. 
I 1-29 1-26 1-24 — —- 
II 1-36 0°75 0-39 0-39 0-22 
III 1-29 0°65 0-41 0-33 — 
IV 1-11 1-17 1-15 1-13 0-18 
Vv 1-34 0-95 0°53 — —_ 
VI 1-33 1-34 0-75 0-50 0-21 


Table IB) consisted mainly of amylose, while others (e.g., in separation II) contained a larger 
proportion of amylopectin. After the precipitate remaining after exhaustive aqueous extrac- 
tion had been redissolved in dilute alkali, neutralised, and. dialysed to remove inorganic 
material, an amylopectin fraction was recovered by precipitation with alcohol. This fraction 
stained red-purple with iodine, and had B.V. 0°18—0°22, which was comparable with that of 
an average amylopectin fraction separated from potato starch by the thymol method (Bourne, 
Donnison, Haworth, and Peat, loc. cit.). 

It was clear that although the method of fractionation described yielded amylose and 
amylopectin it was not so convenient as the thymol method for the routine isolation of the 
amylopectin of starch. Consequently, attention was directed to its use for the separation of 
amylose fractions of high blue-value. 

In these experiments aluminium nitrate was employed instead of the sulphate, because 
both aluminium and ammonium nitrates are more soluble in alcohol than are the corresponding 
sulphates, and any salt remaining after dialysis is therefore less likely to be precipitated with 
the amylose fraction. The factors examined with regard to their influence on the purity of 
the amylose were the temperature of precipitation and of ‘‘ ageing ”’ of the hydroxide, the time 
of “ ageing ” of the hydroxide, and the mode of preparation of the starch paste. 


TABLE II. 
Factors influencing the purity of the amylose fraction. 
3% Starch paste; Al(NO;);,9H,O, 0-45 g./g..of dry starch. 


Time of Temp. of “ Ageing ”’ of Al(OH);. Amylose fraction. 

boiling pptn. of Time Yield 
No. (hrs.). Al(OH);. Temp. (days). (%). B.V. 
VII 0-3 14° 14° 3 9-1 0-89 
VIII 0-3 30 14 3 9-5 0-96 
IX 0-3 30 30 3 9-6 1-03 
x 1-0 15 15 0 76 1-01 
XI 1-0 15 15 1 9-5 1-16 
XII 1-0 15 15 2 9-5 1-24 
XIII 1-0 15 15 3 10-9 1-27 
XIV 1-0 15 15 7 9-5 1-22 
XV 2-0 30 30 0 8-0 1-05 
XVI 2-0 30 30 3 12-5 1-30 
XVII 0-5 30 30 3 13-3 1-23 
XVIII 1-0 30 30 3 10-9 1-40 
XIX 3-0 30 30 3 12-3 1-22 
XX 4:0 30 30 3 12-1 1-16 


The first group of separations (VII—IX, Table II), conducted on portions of the same starch 
paste, showed that when the aluminium hydroxide was both precipitated and “‘ aged” at 30° 
the amylose fraction had a higher B.V. (1°03) than that obtained when the temperatures of 
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precipitation and “‘ ageing ” were 30° and 14° respectively, or when both operations were carried 
out at 14°. The time of “ ageing ” plays an important part in the fractionation, as is shown 
in separations XK—XIV (Table II), in which the starch-aluminium hydroxide suspension was 
kept at 15° and aliquot portions were removed at intervals for the isolation of the amylose 
fraction. Whereas the blue-value of the product was 1°01 when no “ ageing” occurred, it 
rose to a maximum of 1°27 after “‘ ageing” of the hydroxide suspension for 3 days, and 
diminished slightly to 1:22 after 7 days. It was also demonstrated that “ ageing ” at a higher 
temperature (30°) for 3 days considerably raised the blue-value of the product (see separations 
XV and XVI). In another batch of separations (KVI—XX) a 3% paste was stirred at 100° 
and portions were removed at intervals for co-precipitation with aluminium hydroxide. The 
amylose fraction with maximum blue-value was isolated from the paste which had been boiled 


for 1 hour. 
Light-absorption curves of polysaccharide-todine complexes. 
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A and B: Amylose fractions obtained from potato starch by means of aluminium hydroxide. 

C: Potato amylose of relatively high B.V. isolated by the th method (Bourne, Donnison, Haworth, 
and Peat, loc. cit.). 

D: Potato starch. 





These modifications were incorporated in a new method for the isolation of amylose. Samples 
of amylose isolated by this standardised technique were consistently of high blue-value (B.V., 
1°35—1°40; Table III). The yield was somewhat variable (6—13%) and was always lower 
than the usual yield (ca. 20%) obtained with organic precipitants. Presumably this lower 
yield was due to the difficulty of completely separating the amylose solution from the aluminium 
hydroxide gel. 


TaBLeE III. 
. Amylose fractions obtained by aluminium hydroxide precipitation of starch (final method). 
Yield (96) .ccccccccccccccccccccece 10-9 12-5 6-0 6-2 
TW os pocveccetsontbeseteccogeesevapass 1-40 1-39 1-37 1-35 
PB CO incothodieccelscRsesscings 1-10 0-93 1-34 1:34 


The light-absorption curves of a selection of ‘‘ amylose” fractions obtained in the course 
of this work together with those of thymol-amylose and unfractionated starch are given in 
the Figure. These curves confirm that adsorption on aluminium hydroxide effects a true 
fractionation of the starch. This conclusion also finds support in the extent to which the 
fractions are hydrolysed by the B-amylase of soya bean. For example two amylose fractions 
(see Table III) having B.V. 1°39 and 1°37 yielded 91% and 89% of maltose respectively. 











4 The Fractionation of Potato Starch, etc. 


EXPERIMENTAL. 


Procedure for the Analysis of Starch Fractions.—Each starch fraction was dried at 60° in a vacuum 
over phosphoric oxide before being analysed by the following methods. The results are expressed 
with reference to the samples thus dried. 

(a) Ash content. The polysaccharide (20 mg.), contained in a platinum boat, was heated in a small 
muffle furnace until there was no further change in weight. 

(b) B-Amylolysis. The limiting percentage conversion into maltose effected by the f-amylase of 
soya beans was determined by the method of Bourne, Donnison, Haworth, and Peat (loc. cit.). 

(c) Nature of the iodine stain. A solution of the polysaccharide was stained with an iodine—potassium 
iodide solution under standard conditions, which have already been described by Bourne, Haworth, 
Macey, and Peat (jJ., 1948, 924). These authors also defined the terms “ absorption value” and 
“ blue-value ” used in this paper. The method of plotting a characteristic ‘“‘ absorption curve” for 
the polysaccharide—iodine complex from such measurements was outlined by Bourne, Donnison, Haworth, 
and Peat (loc. cit.). 

Adsorption of Starch by Aluminium Hydroxide—Excess of ammonia solution was added to a 3% 
aqueous dispersion of potato starch containing aluminium sulphate [Al,(SO,);,18H,O, 3-5 g./g. of dry 
starch]. After the removal of the precipitated aluminium hydroxide in the centrifuge, the acidified 
supernatant liquid failed to stain with iodine. The precipitate was exhaustively extracted with boiling 
water until the extracts, which originally stained intensely blue with iodine, gave only a very faint 
stain. The residue was dissolved in hot dilute sodium hydroxide solution, cooled, and acidified; the 
resultant clear solution gave a reddish-purple iodine stain. 

Other experiments in which less aluminium sulphate (0-3, 0-7 and 1-0 g./g. of dry starch) was employed 
gave similar results except that the acidified supernatant liquids stained blue, showing that adsorption. 
of the polysaccharide was not complete. 

Fractionation of Potato Starch, using Aluminium Sulphate.—A slight excess of ammonia solution 
(d 0-88) was stirted at room temperature into a 3% aqueous dispersion of potato starch containing 
hydrated aluminium sulphate. After 5 minutes the precipitated aluminium hydroxide was removed 
in the centrifuge, and an amylose fraction was precipitated from the supernatant liquid with alcohol 
(2 vols.). The amylose fraction (A) was purified by dialysis against running water for 2 days, re- 
precipitated with alcohol (2 vols.), triturated with alcohol and then with ether, and dried. 

The aluminium hydroxide was exhaustively extracted with water at 100° until no more polysac- 
charide could be removed. Each extract was dialysed, and the polysaccharide (fractions B to D) 
recovered as above. The residual aluminium hydroxide was not readily soluble in dilute mineral acids, 
and was therefore dissolved in a slight excess of 0-5N-sodium hydroxide at 80°, neutralised with 5n- 
sulphuric acid at 0°, and a small insoluble impurity removed in the centrifuge. The amylopectin 
fraction (E) was precipitated from the supernatant solution with alcohol (2 vols.), dissolved in water, 
and re-precipitated with alcohol (2 vols.). After being dialysed for 6 days against running water it 
was recovered as above. 

The results of several experiments of this type, in which varying proportions of starch and aluminium 
sulphate were used, are recorded in Tables IA and IB. 

Factors influencing the Purity of the Amylose Fraction obtained by using Aluminium Nitrate.—(a) 
Temperatures of precipitation and “ ageing”’ of aluminium hydroxide. A 3% aqueous dispersion of 
potato starch containing 0-1% of NaCl was stirred at 100° under reflux for 20 minutes, cooled, and 
divided into several portions (500 c.c. each). To each portion was added a concentrated solution of 
aluminium nitrate [Al(NO,),,9H,O, 0-45 g./g. of dry starch] and then ammonia solution (d 0-88) until 
the solution was permanently alkaline to phenolphthalein. After 3 days (see below) the precipitated 
aluminium hydroxide was removed in the centrifuge and the supernatant liquid was dialysed for 2 days 
against running water. The amylose fraction was precipitated with alcohol (2 vols.), triturated with 
alcohol and then with ether, and dried. The results of this series of experiments, in which the tempera- 
ture at which the aluminium hydroxide was precipitated and the temperature at which it was “‘ aged ” 
were both varied, are recorded in Table II (separations VII—IX). 

(b) Temperature and time of “ ageing ’’ of aluminium hydroxide. (i) Asolution of hydrated aluminium 
nitrate (0-45 g./g. of dry starch) was added at 15° to a 3% aqueous dispersion of potato starch, con- 
taining 0-1% of NaCl, and ammonia solution (d 0-88) was introduced, with stirring, until the mixture 
was permanently alkaline to phenolphthalein. The suspension was stored at 15°, and at intervals 
portions (800 c.c.) were removed, the amylose fraction being recovered in each case as in (a). 

(ii) This series of experiments was repeated using a second starch paste which had been preheated 
for 2 hours at 100°. The precipitation and “ ageing ’’ process were conducted at 30°. The results of 
the two series of experiments are given in Table II (separations X—XVI). 

(c) Time of boiling of the starch paste. A 3% aqueous dispersion of potato starch, containing 0-1% 
of sodium chloride was stirred at 100° under reflux, and at intervals portions (200 c.c.) were removed 
and rapidly cooled to 30°. To each was added a concentrated solution of hydrated aluminium nitrate 
(0-45 g./g. of dry starch), and ammonia solution (d 0-88) was stirred in until the mixture was permanently 
alkaline to phenolphthalein. Each suspension was allowed to “age” for 3 days at 30° before the 
amylose fraction was recovered as in (a). A summary of the results is given in Table II (separations 
XVI—XX). . 

Method. Finally adopted for the Isolation of Amylose, using Aluminium Nitrate—A 3% aqueous 
dispersion of potato starch, containing 0-1% of sodium chloride, was boiled with stirring for 1 hour and 
rapidly cooled to 30°. A solution of aluminium nitrate [Al(NO,),,9H,O, 0-45 g./g. of dry starch], was 
added, and ammonia solution (d 0-88) was introduced, with stirring, until the mixture was permanently 
alkaline to phenolphthalein. The suspension was allowed to “age” for 3 days at 30° before the 
aluminium hydroxide was removed, and the supernatant liquid was dialysed for 2 days against running 
water. The amylose fraction was precipitated with alcohol (2 vols.), triturated with alcohol and then 
with ether, and dried. The results of several fractionations effected by this method are recorded in 
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Table II. Each of the amylose fractions contained a small amount (ca. 1%) of mineral matter in which 
aluminium and nitrate ions were detected. 

Isolation of Amylose, using Aluminium Acetate-——The procedure adopted in this fractionation of 
potato starch was the same as that used in the final method described above except that aluminium 
nitrate was replaced by an equivalent amount of the acetate. A solution of aluminium acetate was 
prepared by precipitating aluminium hydroxide with ammonia from a solution of aluminium nitrate 
(0-45 g./g. of dry starch) and redissolving the washed precipitate in dilute acetic acid. An experiment 
in which dialysis was omitted gave an amylose fraction (14-7%), having B.V. 1-28 and ash content 
3-32%. A second experiment in which dialysis was included gave an amylose fraction (20-1%), having 
B.V. 1-23 and ash content 1-51%. 


The authors wish to express their thanks to Professor Sir Norman Haworth, F.R.S., for the interest 
he has taken in this work, and to Mr. P. N. Hobson for assistance in part of the experimental work. 


Tue A.E. Hitts LABORATORIES, 
THE UNIVERSITY, EDGBASTON, BIRMINGHAM 15. [Received, February 5th, 1948.] 





2. The Amylose Component of Waxy Maize Starch. 
By E. J. Bourne and S. Pgart. 


Waxy maize starch and the starches from other waxy cereals (rice, barley, and sorghum) 
are usually regarded as being composed entirely of amylopectin. Although no amylose could 
be obtained from waxy maize starch by thymol or cyclohexanol precipitation, a fraction with 
an enriched proportion of amylose, which was similar in properties to potato starch, was 
isolated after fractionation of the starch with aluminium hydroxide. When thymol (or cyclo- 
hexanol) was used in conjunction with sulphuric acid, fractions approximating in properties to 
the amylose component of potato starch were isolated. The proportion of amylose thus found 
in w maize starch is not more than 2%. 

Reference is made to the views of Pacsu and Hiller on the constitution of amylopectin and on 
the alleged conversion of amylopectin into amylose. 


THE ordinary starches stain blue with iodine and are composed of two distinct molecular types, 
namely amylose which is a linear polyglucose, and amylopectin in which short chains of glucose 
residues are cross-linked to form a ramified or laminated structure. Certain species of starch, 
however, are distinguished by the fact that their iodine complexes are reddish-purple. These 
red-staining starches have been found hitherto only in the waxy varieties of such cereals as 
maize, rice, barley, and sorghum. . 

It is now generally accepted that the difference between ordinary starches and the “‘ waxy ” 
varieties is a constitutional one and is due to the absence of the amylose component from the 
red-staining type. It is obviously of importance, having regard to the recently achieved 
enzymic synthesis of amylose and amylopectin, to examine in greater detail the question as 
to whether the power to synthesise the long unbranched chains of amylose is entirely lacking 
in the waxy cereals. In this communication are given the results of an investigation on a 
sample of waxy maize starch which support the view that this starch, while being composed 
mainly of amylopectin, nevertheless contains a separable fraction (less than 2%) which is 
indubitably an amylose. ’ 

Our sample of waxy maize starch was defatted by treatment with aqueous methyl alcohol 
and then with dioxan. It is worthy of mention here that aqueous alcohol extracts a substance 
from waxy maize starch, as it does from potato starch and most cereal starches, which is capable 
of forming an insoluble precipitate with potato amylose but not with amylopectin. This 
alcohol-soluble substance appears to be a fatty acid (probably unsaturated), and fatty acids 
are known to function as amylose-precipitants (Schoch and Williams, J. Amer. Chem. Soc., 
1944, 66, 1232). 

When the defatted waxy maize starch, which was free from mineral matter and protein, 
was submitted to the action of hot aqueous acid it was converted completely into glucose. 
On the other hand, its hydrolysis by the agency of B-amylase (from soya bean) ceased at a 
conversion limit (to maltose) of 49%. This figure is to be compared with the reported values 
of 42 (Caldwell and Hixon, J. Amer. Chem. Soc., 1941, 68, 2876), 55 (Newton, Farley, and Naylor, 
Cereal Chem., 1940, 17, 342), 51 (Montgomery and Hilbert, J. Amer. Chem. Soc., 1946, 68, 
916), and 68% (Meyer and Heinrich, Helv. Chim. Acta, 1942, 25, 1639). The wide variations 
in the conversion limits quoted may be due to the different origins of the B-amylase as much as 
to actual differences in the specimens of waxy maize starch employed by the different authors. 

The blue-value of the starch was 0°10, compared with the average values of 1°10 and 0°22 
respectively for amylose and amylopectin isolated from potato starch by the thymol method 
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(Bourne, Donnison, Haworth, and Peat, J., 1948, 1687). The lower staining power of 
waxy maize starch relative to potato amylopectin is emphasised. by the light-absorption curves 
of their iodine complexes (see Fig.). Nevertheless, the gradual addition of a very dilute 
iodine—potassium iodide solution to a concentrated solution of the ‘‘ waxy” starch gives a 
transient blue-purple coloration which is in contrast with the red-purple colour produced 
with excess of the iodine solution. This observation suggested the presence of a small proportion 
of blue-staining amylose which has a greater affinity for iodine than has amylopectin and which 
would therefore preferentially adsorb the small amount of iodine initially available. 


Light-absorption curves of waxy maize starch and its fractions. 
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A; Waxy maize starch. 

B: Potato amylopectin (thymol method) 

C: Potato starch Bourne, Donnison,"Haworth, and Peat (loc. cit.). 

D: Potato amylose (thymol method) 

I—XII : Fractions of waxy maize starch. 


Fractions from Waxy Maize Starch. 


Con- Con- 
Frac- Method of Yield Blue- version Frac- Method of Yield Blue- version 
tion. isolation. (%). value. (%).* tion. isolation. (%). value. (%).* 
Waxy maize — —_ 0-10 49 VII Al(OH), 1- 0-40 59 
starch VIII Thymol+acid 05 0-80 68 
I Thymol 48 0-17 51 Ix * 0-4 0-75 58 
II “a 91 0-10 46 X cycloHexanol+ 419 # 1-18 85 
III cycloHexanol 3-1 0-14 49 acid 
IV re 96 0-08 46 XI = 0-6 0-93 81 
Vv Al(OH); 0-7 0-33 —_ XII ra 0-3 0-95 — 
VI o 25 0:26 a 


* I.e., limiting conversion into maltose by f-amylase. 


When attempts were made to fractionate waxy maize starch by the use of thymol or cyclo- 
hexanol, which are amylose-precipitants (Bourne, Donnison, Haworth, and Peat, loc. cit.; 
Haworth, Peat, and Sagrott, Nature, 1946, 157, 19), a small fraction (3—5%) was precipitated 
in each case. The polysaccharide (Fraction I in the table) precipitated by thymol had B.V. 
0°17 and a limiting conversion into maltose of 51%, while the corresponding fraction (III) 
obtained with cyclohexanol had B.V. 0°14 and gave 49% maltose. Although some indication 
was thus afforded that these fractions were enriched in amylose, they were still red-staining 
and actually had lower blue-values than the average value for thymol-separated potato 
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amylopectin (0°220). Moreover, the light-absorption curves for these fractions were of 
amylopectin character (see Fig.). 

Since thymol and cyclohexanol, like butanol (Schoch, J. Amer. Chem. Soc., 1942, 64, 2957), 
did not cause the separation of an amylose component, an alternative method of fractionation 
was employed. This method was recently described by Bourne, Donnison, Peat, and Whelan 
(see preceding paper) for the fractionation of potato starch. It involves the addition of an 
aluminium salt to the starch paste and subsequent precipitation of aluminium hydroxide 
together with the amylopectin fraction, leaving the amylose component in the supernatant 
liquid. Three experiments in which this method was applied to waxy maize starch gave 
** amylose ”’ fractions (V, VI, and VII) in yields of 0°7, 2°5, and 1°2%. These fractions had 
blue-values of 0°33, 0°26, and 0°40 respectively, and the limit of B-amylase conversion of 
Fraction VII was 59%. Obviously Fraction VII was similar in composition to potato starch, 
which has B.V. 0°40 and a conversion limit of 60% (Bourne, Donnison,. Haworth, and Peat, 
loc. cit.). 

It was recently reported (Bourne, Donnison, Haworth, and Peat, loc. cit.) that when a 
solution of potato amylopectin, containing traces of amylose, is saturated with cyclohexanol 
and then treated with either «-amylase or a mineral acid, a flocculent precipitate, which contains 
a higher proportion of amylose than does the original polysaccharide, separates. A modification 
of this procedure, in which a solution of waxy maize starch in n-sulphuric acid saturated with 
thymol was kept for three days at 30°, yielded a precipitate (Fraction VIII) having -B.V. 0°80 
and a §-amylase conversion limit of 68%. A duplicate experiment gave Fraction IX, which 
had B.V. 0°75 and a conversion limit of 58%. A similar flocculent precipitate was obtained 
when a solution of waxy maize starch in n-sulphuric acid saturated with cyclohexanol was 
heated to 95°. Three experiments of this type yielded Fractions X, XI, and XII, having blue- 
values 1°18, 0°93, and 0°95 respectively. These fractions were thus similar to potato amylose 
in staining properties and in their maltose-conversion limits (85 and 81% for Fractions X and 
XI). The figure shows that maximum absorption occurs at slightly shorter wavelength than 
in the case of potato amylose. This is possibly due to some hydrolytic degradation of the 
amylose during the acid treatment.. 

The properties of the fractions isolated from waxy maize starch by the procedures described 
are consistent with the view that this starch does contain the largely unbranched component, 
amylose. In particular, it will be observed that in respect of the character of the colour given 
by its iodine complex and of the extent of its f-amylolysis, Fraction X is scarcely to be dis- 
tinguished from thymol-separated potato amylose. In this starch, however, the amylose : 
amylopectin ratio is very small. The amylose content appears to be less than 2%. 

Since the completion of this work our attention has been drawn to a communication by 
' Pacsu and Hiller (Test. Research J., 1946, 16, 243) in which is mentioned the isolation of a small 
amount of amylose from waxy maize starch after mild hydrolysis with 0°ln-sulphuric acid 
at 86°. No details are given in this paper, which presents a new conception of the constitution 
of starch and cellulose. According to this tentative hypothesis, amylopectin is to be regarded 
as having a ramified structure in which amylose chains are joined together through acyclic 
glucose (or maltose) units by semi-acetal links. Such links would be extremely susceptible 
to acid or enzymic hydrolysis, and the authors regard the amylose separated from waxy maize 
starch as being the product of scission by acid hydrolysis of some of the semi-acetal links of 
the amylopectin. We feel, however, that there are many facts, some of which have already 
been quoted by Halsall, Hirst, and Jones (Nature, 1947, 159, 97), which cannot be reconciled 
with this interesting and novel hypothesis of the constitution of starch. To mention only one 
objection, semi-acetal links will be resistant to alkaline hydrolysis, and consequently the 
amylose separated from potato starch under alkaline conditions by the aluminium hydroxide 
method (Bourne, Donnison, Peat, and Whelan, /oc. cit.) could not have originated in the partial 
hydrolysis of amylopectin. We see no reason at present for departing from the view that 
amylose is a pre-formed component of the starches, including that of waxy maize. 


EXPERIMENTAL. 


Procedure for the Analysis of Waxy Maize Starch and its Fractions.—The waxy maize starch and the 
fractions derived from it in the course of these experiments were dried at 60° in a vacuum over phosphoric 
oxide before they were analysed by the following methods. The results are expressed with reference 
to the samples thus dried. 

(a) Ash content. The polysaccharide (20 mg.), contained in a platinum boat, was heated in a small 
muffle furnace until there was no further change in weight. 

(b) Hydrolysis and B-amylolysis. The amount of glucose produced from the polysaccharide by 
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hydrolysis with sulphuric acid at 100° and the limiting conversion into maltose effected by the B-amylase 
of soya beans were determined by the methods of Bourne, Donnison, Haworth, and Peat (loc. cit.). 
The results are expressed as percentages of the values calculated for complete conversions into the 
respective sugars. 

(c) Light absorption by the polysaccharide-iodine solution. The polysaccharide was stained with 
iodine in potassium iodide solution under standard conditions, and the absorption values at A 4300— 
6800 a. were determined. The precise technique employed, together with definitions of these values, 
has already been described by Bourne, Haworth, Macey, and Peat (j., 1948, 924). From these 
measurements a characteristic “‘ absorption curve’ was obtained as outlined by Bourne, Donnison, 
Haworth, and Peat (loc. cit.). 

Defatting of Waxy Maize Starch—Waxy maize starch was extracted in a Soxhlet apparatus for 
24 hours with aqueous methanol containing 10% of water (by volume) and then for 48 hours with 
aqueous dioxan containing 20% of water (by volume). It was thoroughly washed by trituration with 
alcohol and then with ether, and dried. The product was free from protein since it failed to give the 
Millon, biuret, and arginine tests, and did not form cyanide when fused with sodium. It contained no 
mineral matter and was completely converted into glucose by hydrolysis with aqueous acid (Found : 
conversion, 101%). A solution of the defatted starch stained blue-purple with 1 drop of very dilute 
iodine—potassium iodide solution, and red on further addition. 

The aqueous methanol extract was evaporated to a syrup which was insoluble in water but soluble 
in methanol or aqueous alkali. When an alkaline solution of the syrup was mixed with an aqueous 
solution of potato amylose and then neutralised, the amylose was completely precipitated, probably 
because of the formation of an insoluble fatty acid—amylose complex. 

Fractionation with Thymol.—Defatted waxy maize starch (9-44 g., dry weight) was dispersed in 0-1% 
sodium chloride solution (1000 c.c.). The paste was boiled and stirred for 20 minutes before being 
cooled and centrifuged, a process which removed only a trace of insoluble material. After addition of - 
powdered thymol (2-0 g.), the paste was kept at 30° for 3 days, and a small precipitate was collected in 
the centrifuge. This was washed with saturated thymol solution (400 c.c.), triturated with alcohol 
and then with ether, and dried. The-product (Fraction I), which was free from mineral matter, was 
isolated in 4-8% yield (Found : conversion into glucose by acid, 109%). 

The supernatant liquid and aqueous washings were combined, concentrated under reduced pressure 
to 250 c.c., and mixed with alcohol (750 c.c.). The resultant precipitate (Fraction II), after dehydration 
with alcohol and then with ether, was dried to a white powder (yield 91%) (Found: ash, 0-45; con- 
version into glucose by acid, 101%). 

Fractionation with cycloHexanol.—The above fractionation was repeated with a layer of cyclohexanol 
in place of thymol, and saturated cyclohexanol solution in the washing process. The precipitated 
component was termed Fraction III (yield, 3-1%), and the soluble component Fraction IV (yield, 
avy, [Found : ash, nil (III) and 1-20% (IV); conversion into glucose by acid, 105% (III) and 101% 

IV)]. 


Fractionation with Aluminium Hydroxide.—(a) Small scale. A dispersion of defatted waxy maize 
starch (2-00 g. dry weight) in water (200 c.c.) was boiled and stirred for 20 minutes and cooled to 15°. 
After addition of an aqueous solution (20 c.c.) of aluminium nitrate [Al(NO,)3,9H,O; 1-18 g.], ammonia 
solution (d 0-88) was added until the solution was permanently alkaline towards phenolphthalein. The 
precipitated aluminium hydroxide was allowed to “‘age’’ at 30° for 18 hours before it was removed in the 
centrifuge and discarded. The supernatant liquid was neutralised with hydrochloric acid and mixed with 
alcohol (3 vols.) which precipitated a polysaccharide fraction. This was collected in a centrifuge and 
redissolved in hot water (100c.c.). A trace of undissolved material was removed before the solution was 
dialysed for 3 days against running water. The polysaccharide (Fraction V) was recovered by pre-. 
cipitation with alcohol, triturated with alcohol and then with ether, and dried; yield, 0-7%. 

In a similar experiment in which less aluminium nitrate (0-80 g.) was employed, Fraction VI was 
isolated in 2-5% yield. 

(b) Large scale. The fractionation was repeated on a larger scale, the quantities of defatted waxy 
maize starch and aluminium nitrate being 20-5 g. (dry weight) and 8-00 g., respectively. Yield of 
Fraction VII, 1-2% (Found: ash, 0-99; conversion into glucose by acid, 102%). 

Fractionation with Thymol and Mineral Acid.—A dispersion of defatted waxy maize starch (12-4 g., 
dry weight) in 0-1% sodium chloride solution (1300 c.c.) was boiled and stirred for 20 minutes, cooled, 
and freed from a trace of insoluble matter in the centrifuge. To the supernatant liquid, molten thymol 
(2-6 g.) was added before it was kept at 30° for 48 hours. Sufficient concentrated sulphuric acid to 

ive a N-solution was introduced, and the mixture was kept at 30° for another 72 hours. A precipitated 

action was removed in the centrifuge, washed with saturated thymol solution (50 c.c.) and thrice 
with aqueous alcohol (50 c.c.) containing 30% of water, triturated with alcohol and then with ether 
and dried (Fraction VIII); yield, 0-5% (Found: conversion into glucose by acid, 96%). 

In a duplicate experiment, Fraction IX was isolated in 0-4% yield. 

Fractionation with cycloHexanol and Mineral Acid.—A dispersion of defatted waxy maize starch 
(14-0 g. dry weight) in 0-1% sodium chloride solution (1400 c.c.) was boiled and stirred for 20 minutes, 
cooled, and freed from a trace of insoluble matter in the centrifuge. To the supernatant liquid, cyclo- 
hexanol (80 c.c.) was added, and, after being stirred for 20 minutes, the mixture was kept at 30° for 
24 hours. A further quantity (50 c.c.) of cyclohexanol and sufficient sulphuric acid to give a N-solution 
were introduced, with stirring, and the flask was placed in a cold water-bath, which was heated until 
a flocculent precipitate settled. At this point, the temperature of the water-bath was 95°. When 
cold, the precipitate was collected in the centrifuge, washed with saturated cyclohexanol solution 
(30 c.c.), dissolved in water (20 c.c.), and precipitated with alcohol (80 c.c.). After it had been pre- 
cipitated a second time with alcohol from aqueous solution, the polysaccharide product (Fraction X) 
was triturated with alcohol and then with ether and dried; yield 1-9% (Found: ash, nil; conversion 
into glucose by acid, 100%). 
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In two similar experiments Fractions XI and XII were obtained in 0-6% and 0-3% yields, respectively 
[Found : ash, 0-71% (XI) and 0-56% (XII)}. 


The authors desire to express their deep appreciation of the interest shown by Professor Sir Norman 
Haworth in this work, and to thank their former colleague, Professor F. Smith, now resident in Minnesota, 
U.S.A., for a generous supply of waxy maize starch. 
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3. The Mechanism of the Reaction of Aryl isoCyanates with Alcohols 
and Amines. Part II.* The Base-catalysed Reaction of Phenyl 
isoCyanate with Alcohols. 


By Joun W. Baker and J. Gaunt. 


A detailed kinetic study of the effects of concentration and temperature on the base- 
catalysed reaction between phenyl isocyanate and various alcohols in di-n-butyl ether as 
solvent has been carried out in order to test the validity of the mechanism previously suggested 
(Part I, J., 1947, 713), viz., (i). The value of 2, decreases in the series ROH = MeOH > EtOH 
~ PhOH > Pr8OH > BuYvOH. 

The application of stationary-state conditions requires that the second-order velocity 
coefficient hk, (determined, for any particular base concentration, from the relationship 
Rui = Rexp — Ro, where ky is the second-order velocity coefficient for the “ spontaneous ”’ 
reaction) is given by the expression 

hwy = kyka[NRg]/(Ra + &s[ROH]), whence [NRj]/Rn1 = 1/ke = hy /#1ks + (1/R,)[ROH]. 
This straight-line relationship has been confirmed experimentally for the whole series of alcohols 
over the concentration range 0-24—2-4m, and for several basic catalysts at varying concen- 
trations at 20° and 30°, and has thus made possible the evaluation of k, and k,/k, at the two 
temperatures. These data have shown that k, and E, are dependent on the nature but not on 
the concentration of the alcohol, ROH. Two tentative explanations consistent with all the 
experimental data are advanced: (a) That the alcohol and the base rapidly form a hydrogen- 
bonded complex of the general type NR; + ROH=NR,...H-°OR, and that 
Ar-N:C—O both the free base, NR;, and its alcohol complex react with the isocyanate to form the 
same reaction transition complex (I), a hypothesis which is supported by a study 
(I.) NR, of the infra-red absorption spectra (cf. Part IV, this vol., p. 24). (6) That alcohol . 
- solvation of the highly polar complex Ph-N:C(NR,)-O plays an important part in 
the facilitation of its formation. Since the energy of such solvation would be expected to 
diminish in the order MeOH > EtOH > Pr&OH, the values of &, should also decrease in this 
order; experimental values agree with this deduction. 
The combined operation of both polar and steric factors in the alcohol ROH on the velocity 


of the reaction are discussed and are shown to be qualitatively in agreement with the 
experimental data. 


In Part I * (loc. cit.) it was shown that the reaction between aryl isocyanates and methy] alcohol, 
in di-n-butyl ether as solvent, comprises a “‘ spontaneous ’”’ reaction (autocatalysed by the 
product urethane) and a base-catalysed reaction the velocity of which is, ceteris paribus, directly 
proportional to the concentration of the base: 1.¢., key = ky + &[B], where k, = h,;/[B]. 
The present paper describes a more detailed kinetic study of this base-catalysed reaction. 


It was suggested (Part I, Joc. cit.) that the reaction kinetics agree with a mechanism of the 
type | 


ky i - 
ArNIC{0+NR, == ArN‘C-O (a) 





~ 
a . i) 
Ar'N:C-O + ROH — arNH-CO,R + NR, (b) 
NR; 
+ 
on the basis of which, from the stationary-state condition, 

_ _ ky k[NR;) ‘. 
Ry a Re + ks[ ROH] ° ° ° ° ° ° ° ° e (ii) 


If k,[ROH] is very small compared with k,, or if [ROH] does not vary greatly, this relationship 
approximates to second-order kinetics, 4,; = K[NR,], and one or other of these conditions 


* The communication, J., 1947, 713, is regarded as Part I of this new series. 
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would seem to be fulfilled over the course of any one reaction between the isocyanate and alcohdl 

since the second-order plot of the individual experimental observations always gives a good 

straight line. Considerable deviations from true second-order kinetics might, however, be 

expected when the initial concentration of alcohol is varied over a fairly wide range, and a 

pointer that such is the case was obtained in the earlier work (loc. cit., Table IV, p. 715). 
Equation (ii) may be transposed into the form 


[NR] /Fii = Iho = Aa/Riky + [ROHJ/R,. . . . . . iii 


Hence, if the suggested mechanism is correct, a plot of the various values of 1/k, obtained with 
varying initial alcohol-isocyanate concentration ratios against the initial alcohol concentration, 
should give a straight line, the slope of which is 1/k, and the intercept = k,/k,k,. The results 
discussed in Part III (following paper) show that the value of kp», for the ‘‘ spontaneous ”’ reaction, 
is also dependent on the initial molecular ratio [Ar-NCO]/[ROH]; hence, in the determination 
of the true value of ,; for any particular concentration of alcohol (and of base catalyst) from 


Base-catalysed reaction between Ph:NCO and ROH in di-n-butyl ether at 20°. 
8 
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[ROH], g.-mol./L. 


the relationship h,; = k.,, — Ro, it is essential to use the appropriate value of k, obtained for 
the same [Ar-NCO]/[ROH] ratio. Ali values of ky, im this paper are thus obtained, the units being 
g.-mol.-1 1. min.-. ; 

The data obtained in the experimental test of the relationship (iii) for methyl, ethyl, and 
isopropyl] alcohols are given in Table I, and the agreement with the anticipated straight-line 
relationships is clearly shown in the figure. 

The relationship is equally valid when 0°304m-pyridine replaces 0°031M-triethylamine as a 
catalyst and is thus not dependent on the particular base catalyst employed. The validity is 
also unaffected by alteration, over a fairly wide range,* in the concentration of the base catalyst ; 
this is proved by the agreement between the values of 1/k,, given in Table II, when both alcohol 
and triethylamine concentrations are varied. 

Experimental verification of the relationship (iii) on the basis of kinetic form is thus very 
satisfactory, but certain difficulties arise when a further test is applied. Equation (iii) requires 
that the value of k,, the velocity coefficient for the formation of the base-isocyanate complex, 
should be independent of the nature of the reacting alcohol. The values of k, and the ratio 


* A large increase in the [Base]/[ROH] ratio has a small effect on &, as is shown by a comparison of 
the corresponding values in Table I (b) (0-304m) with those in Table VI (a) (1-2m-pyridine). 
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TABLE I. 





ll 


Effect of varying concentrations of ROH on the velocity of the base-catalysed reaction between 
Ph-NCO(0°24m) and ROH in di-n-butyl ether at 20° in the presence of (a) 0°031M-NEt, 
and (b) 0°304m-pyridine. 














{ROH}, = MeOH. EtOH Pr8OH. 
.-mol. 1. ¢ a a ¢ A a ee A al 
6 / 10?Rexp. 1074). 1/Re. 10?%exp 1072y. 1/Re. 10*Rexp- 107,;. 1/Re. 
(a) 2-4 6-32 5-45 0-57 3-17 1-73 1-76, 0-51 0-10 30-30 
1-92 7-41 6-65 0-46 3-19 2-07 1-47 0-52 0-13 23-81 
0-96 11-35 10-89 0-28 4-26 3-42 0-89 0-54 0-21 15-15 
0-48 16-43 16-17 0-19 5-96 5-40 0-56 0-55 0-33 9-17 
0-24 20-46 20-29 0-15 © 7-64 7:35 0-41 0-57 0-42 7-30 
0-12 23-64 23-58 0-13 8-63 8-54 0-36 0-60 0-525 5-81 
(b) 2-4 8-63 7-76 3-94 6-11 3-94 7-69 1-31 0-90 33-8 
- 1-92 9-47 8-71 3-51 5-70 4-58 6-64 1-49 © 1-10 27-8 
0-96 12-17 11-71 2-61 7-28 6-44 4-72 1-95 1-62 18-7 
0-48 14-75 14-49 2-11 8-82 8-26 3-68 2-54 2-33 13-0 
0-24 16-58 16-41 1-87 9-79 9-50 3-20 3-05 2-91 10-5 
0-12 18-58 18-52 1-65 10-48 10-39 2-93 3-70 3-63 8-4 
TaBteE II. 


Effect of varying the concentrations of both MeOH and NEt, on the velocity of the base- 
catalysed reaction with Ph*NCO (0°24m) in di-n-butyl ether at 20°. 


(NEt,], g.-mol. fi. 











0-0307 0-0460. 0-0613 Mean 
eO Md agg we = cf ws te £ m ‘ value, 

g.-mol./l. 10*%%exp- 10*p. L/ke.  LO*%Rexp LO*%Rry. L/ke- 1O%exp. 10%. 1 /he 1 /Re. 
2-4 6-32 545 0-57 — _ ame 12-6 11-73 0-52 0-54, 
1-92 7-41 6-65 0-46 oe _ — 14-4 13-64 0-45 0-455 
0-96 11-35 10-89 0-28 on — on 22-2 21-74 0-28 0-28 
0-48 16-43 16-17 0-19 26-0 25:74 0-18 34-7 34-44 0-18 0-18 
0-24 20-46 20-29 0-15 31-4 31-23 0-15 38-3 38:13 0-16 0-15 
0-12 23-64 23-58 0-13 33-3 33-24 0-14 442 4414 0-14 0-14 

TABLE III. 


Values of k, and k,/k, for the base-catalysed reaction of ROH with 0°24m-Ph:NCO in 
di-n-butyl ether. 








ROH = MeOH. EtOH. PrfOH. 

‘a. b. C. a. b. c. a. b. 
ky 5-45 1-02 1-20 1-60 0-48 0-48, 0-096 0-095 
ks 12-05 — 1-87 3-45 — 1-19 0-282 — 
k,/k,™ 1-71 0-60 0-54 2-27 0-79 0-79 2-26 1-32 
hs /k,*” 1-01 —_— 0-59 1-41 — 0-49 1-37 — 


(a) = 0-0307m-NEt,; (6) = 0-304m-C,H,N; (c) = 1-2m-C,H,N (cf. p. 15). 


k,/k, at 20° and 30°, determined from the straight-line plots of 1/k, against [ROH] (as in the 
figure) are given in Table III. 

It is immediately apparent that, with either triethylamine or pyridine as catalyst, the value 
of k, is, contrary to the requirements of equation (iii), very dependent on the nature of the 
alcohol participating in the reaction. None of the many mechanisms which have been con- 
sidered, in which the alcohol concentration is directly conce:ned in the formation of the inter- 
mediate base-isocyanate complex as, for example, the establishment of an equilibrium of the 
type NEt, + ROH == NEt,,ROH complex, this complex alone being the effective catalyst, 
will fit the kinetic data or give the straight-line relationship (iii) in which only the first power of 


+ - 

the [ROH] enters. Any base-alcohol interaction of the type NEt, + ROH =» NHEt,}OR, 
followed by attack by the alkoxide ion on the isocyanate, is a catalytic mechanism already 
excluded (Part I, loc. cit.) by the observation that the dialkylanilines exhibit no catalytic activity. 
The direct proportionality of k,; with base concentration (for any given initial alcohol and 
isocyanate concentrations) is another difficulty in the acceptance of such mechanisms. In 


non-hydroxylic solvents the medium effect of the addition of an alcohol cannot be overlooked, 
but it is considered unlikely that the concentrations of alcohol used (maximum 2°4m) would 
cause such large deviations by a purely differential medium effect when, say, methyl] alcohol is 
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replaced by ethyl alcohol. The data thus compel the conclusion that the velocity of interaction 
between the base and the isocyanate must be dependent on the nature of the reacting alcohol, 
without the concentration of the alcohol entering directly into the kinetics of stage (i, a) of the 
reaction mechanism. Further evidence that the alcohol is, in some way, concerned in stage 
(i, a) is provided by results derived from the effect of temperature on the reaction. The results 
given in Table IV show that the ratio 30°/k2?° (and hence the Arrhenius critical activation 
energy, E,;, derived from it) increases with increasing concentration of the alcohol. 


TABLE IV. 


Values of ky; at 20° and 30° for the reaction between PhyNCO (0°24M) with varying 
concentrations of ROH in di-n-butyl ether, catalysed by 0°031M-NEts. 








[ROH], = MeOH. EtOH. 
so 1. 1. f A _ © f sin mJ 
B-mol./l  TO8Re, _1O*AR. -ABO'/ARS™. By, keals. ‘TO*2™".  10*2P.  -ARO/AR’. Ey, keals. 
2-4 5-45 10-7 1-96 11-9 1-73 3-42 1-98 12-1 
1-92 6-65 12-7 1-91 11-4 2-07 3-95 1-91 11-4 
0-96 10-9 19-7 1-81 10-5 3-42 5-59 1-63 8-6 
0-48 16-2 25-0 1-54 7-6 5-40 8-66 1-60 8-3 
0-24 20-29 27-6 1-36 5-4 735 «(11-48 1-56 7-8 
0-12 23-6 oo on pa 8:54 13-56 1-59 8-2 
[ROH], Pr8OH. 
.-mol. 1. a ms ~~ 
B-mol./l. 1 O88, 10830". ARO" /ARO". Ey, cals. 
2-4 0-10 0-26 2-60 16-7 
1-92 0-13 0-32 2-49 16-1 
0-96 0-21 0-51 2-42 15-6 
0-48 0-33 0-68 2-05 12-6 
0-24 0-42 0-88 2-08 12-9 
0-12 0-52, 1-22 2-33 14-9 


With a given, constant, concentration of base catalyst, the second-order velocity coefficient 
— RMT », { hh Re” + kg*[ROH] 
T,—T, kg + kj [ROH] kyr kye 
RT,T, "e k2” + k?2”[ROH] 
T,—T, + kh, TROH] 
From the values of k,/k, at 20° and 30°, given in Table III, the value of k, can be determined 


in terms of k,. Substitution of these values in the above expression enables it to be reduced 
to the form 


Ey, = . In R30" /R20° 











= E,+E&E;+ 


Ey, = Ey + Es — Ep + 





RT,T, ~ { som 
T, — T° 1 + b[ROH] 
where E,, E,, E, are the activation energies associated with k,, k,, and k, in the mechanism (i) 


(p. 9) and k,?° = ak?” and k,®” = bk,®. The data in Table III show that the values of a 
and b for the three alcohols are as follows. 


ROH = MeOH. EtOH. Pr8OH. 
a= 1-71 2-27 2-26 
b= 1-01 1-41 1-37 


Thus the suggested mechanism (i) requires that the value of E,; should be dependent. on the 
alcohol concentration, the magnitude of this dependence being determined by the value of the 
‘aia RT,T, In { oe son} 

T7,-—T, 1 + bd[ROH] 
of the three alcohols studied are given in Table V. 

If the observed variations in the values of E,; are completely accounted for by the con- 
centration-dependent term e, the values of E,; — « = E, + E, — E, should be constant and 
independent of the initial alcohol concentration. Caution is necessary in the application of this 
test to the experimental data. The experimental technique employed was found to be unsatis- 


=e. The values of this term for the various concentrations 
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factory at temperatures >30°; hence the values of E,; are derived from velocity determinations 
at only two temperatures. Moreover, with isopropyl alcohol further errors arise because, in 
the determination of ,; from the relationship Ry = hexp — ho, the velocities are small and 
ko > ’y; when the initial concentration of alcohol is large. The £,; values are thus probably 
liable to an error of ~1 kcal. and their accuracy is probably greatest with methyl alcohol and 
least with isopropyl alcohol. Table V shows that, for methyl alcohol, the values of E,; — ¢ 


TABLE V. 


Value of e, E,j;, E, (keals./mol.) and (PZ), (units in min.) in the reaction of varying 
concentrations of ROH with Ph*NCO (0°24m) with 0:031M-NEt;, as catalyst in di-n-butyl ether. 





[ROH], = MeOH. EtOH. , Pr8OH. 
g.-mol. /l. c » ‘ enn a ¢ — 
Ey—e= bi—e= bi—e= 
Eu € E,+£E;—E,. En. e (EF, oer). Ew. « (E, ry —E,). 
2-4 11-9 7-0 4-9 12-1 6-9 5-2 16-7 71 9-6 
1-92 11-4 6-6 4:8 11-4 6-5 4-9 16:1 6-8 9-3 
0-96 10-5 5-2 5-3 8-6 5-3 3-3 15-6 5-6 10-0 
0-48 7-6 3-6 4-0 8-3 3-9 4-4 12-6 4-0 8-6 
0-24 5-4 2-2 3-2 7:8 2-5 5-3 12-9 2-6 10-3 
0-12 — 1-3 — 8-2 1-5 6-7 14-9 1-5 13-4 
Mean 4-5+0-6 Mean 5-0+0°8 Mean 10-1+1-05 
E, 14-0 13-7 19-0 (From temp. coeffs. 
E, — E, —9-4 —8-5 —8-7 of k, and hky/hg, 
(PZ), 1-45 x 1044 16x 1 1-5 x 10%* respectively.) 


for [MeOH] = 0°48—2-4m are approximately constant, the mean deviation from the mean value 
of 4°75 kcals. being only 0°4 kcal. The value for [MeOH] = 0°24m shows a wider divergence 
(1°5 kcals.). If this figure is included, the mean value of E,; — ¢ over the whole concentration 
range studied is 4°5+0°6 kcals. The mean deviations in the cases of ethyl and isopropyl 
alcohols are progressively larger. It is evident that the main cause of the variation of E,, 
with alcohol concentration is the term ¢, which arises directly from the postulated reaction 
mechanism (i) (p. 9), and the fact that the reaction is not a true second-order one as is assumed 
in the calculation of the individual values of k,;. On the other hand, the variation of k, and E, 
(derived from the value of the ratio k,®"/k,?”) with the different alcohols indicates that the alcohol 
must play some part in stage (i, a) of the reaction mechanism, whilst the irregularities in the 
separate values of E,; — ¢ for any one alcohol may indicate a possible small concentration- 
dependence of E, and/or E3. 

Examination of the infra-red absorption of methyl and ethyl] alcohols in di-n-butyl ether and 
the effect of added triethylamine, described in Part IV (this vol., p. 24), shows that there is 
no detectable unassociated OH band at 2°76 p in this medium even at considerable dilution, 
but that association of the alcohol molecules with the solvent, possibly with themselves, and 
with the added base, occurs. Any explanation of the above anomalies based on alcohol—alcohol 
or alcohol-solvent association alone would, on the basis of mechanism (i), fail to explain the 
variation of k, and E, with different alcohols, and it seems probable that any alcohol dependence 
must be associated with the formation and dissociation of the base-isocyanate complex. 

Two possible explanations (not necessarily mutually exclusive) of this observation have been 
explored. Neither is completely satisfactory since they both involve postulates which are not 
susceptible to direct experimental verification. The first hypothesis, which finds some support 
from the infra-red absorption data (Joc. cit.), is that the amine catalyst and the alcohol rapidly 
form a complex (most probably by hydrogen-bonding) in accordance with the general scheme : 

NR, + HOR’ == NR,...H...OR’ ..... (iv) 
and both the free amine molecules and the base—alcohol complex can function as catalysts for the 
reaction, the same isocyanate—base complex resulting from attack by either catalytic entity. 


On this view, stage (i, a) in the mechanism on p. 9 is really a composite of the following closely 
similar equilibria : 


PhN:CIO+NR, == PRNICO. . . . . Ga) 
hy NR, 
, Ps -_ 
Ph:NIC{O + NR,...H...OR’ = PhNiC-O+ ROH . . (i,a’) 
7 NR, 
- 
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With such a composite mechanism the straight-line relationship (iii) (p. 10) would not apply 
strictly. The true relationship would be of the type [B]/k,; — K[B] = &,/k,k, + [ROH]/A,, 
where K is a composite constant composed of the velocity coefficients involved in the various 
reaction stages. It would depend on the (unknown) magnitude of the term K[B] whether the 
resulting correction to the value of 1/k, were sufficiently large to cause a detectable deviation 
from the straight-line relationship. 

In agreement with experiment, the value of the (composite) k, would then be dependent on 
the nature of the alcohol and, since the sum of the concentrations of the two postulated catalytic 
entities would always be proportional to the total concentration of added base catalyst, the 
direct proportionality observed between f,, and catalyst concentration is also accounted for. 
An explanation of the variations in E, with different alcohols is also possible. The formation 
of the isocyanate—base complex with the free amine is, in terms of Lewis’s acid—base theory, 
merely the neutralisation of a secondary acid (carbonyl group) with a primary base (NR;,), but 
the formation of the same reaction complex with the alcohol—amine entity would also involve the 
rupture of the hydrogen bond of the association complex, the nature of which differs from alcohol 
to alcohol. Also, it might be expected that the formation of the base-isocyanate complex 
would occur less readily by scheme (i, a’) than by scheme (i, a). This might be due to an effect 
on either E, or (PZ), in the Arrhenius equation. Displacement of the equilibrium (iv) to the 
right could increase the relative proportion of reaction which occurs by scheme (i, @’) instead of 
by (i, a), and would therefore increase the overall activation energy for the formation of the ~ 
base-isocyanate complex. 

In an attempt to apply an experimental test to this hypothesis, a series of experiments was 
carried out in which, unlike the conditions previously employed, the concentration of the base 
catalyst was never smaller than, and was usually very much greater than, that of the reacting 
alcohol. Under such conditions there is the possibility that reaction via the free amine itself 
as the catalytic entity might greatly predominate, with the consequences that (a) the activation 
energy E,; — ¢ would remain sensibly constant for varying initial alcohol concentrations, and 
(b) k, and E, might be much less dependent on the nature of the alcohol. Because of the very 
great velocities involved with high concentrations of basic catalyst, the experimental technique 
of such a test was not easy, and investigation has only been possible by using the much weaker 
base pyridine in 1:2m-concentration as the catalyst with an alcohol concentration varying from 
0°12 to 1:2m. The results are given in Table VI. 

With both alcohols prediction (a) is fulfilled since, over the whole range of [ROH] = 0°12 — 
12m, the mean deviation from the mean value of E,; — e is, for methyl alcohol, 9°6-+-0°5, and, 
for ethy] alcohol, 7°3-+-0°3 kcals. The values of k, for the two alcohols still differ, but less widely 
(especially at 30°) than do those obtained when [ROH] > [Base] [cf. Table III (a) and (c)] but a 
. large variation in E, for the two alcohols is still shown, the difference in this case being between 
methy] and ethyl] alcohols for which the values were nearly identical with triethylamine catalysis. 

The alternative hypothesis, which is preferred by the authors, is also based essentially on 
the réle solvation plays in the reaction. In Part I (loc. cit., p. 717) it was noted that the energy 
changes involved in the formation of the base—~isocyanate complex are + Do-y — Iy + Eg — 
De:o + S, where S is the energy of solvation; S is really a composite term which includes the 
solvation energies of the amine, the isocyanate, and the base-isocyanate complex, i.e., S = 
— Syn, — Sprnwco + Scompiex: Nothing is known regarding the solvation of the isocyanate, 
but the infra-red data show that the solvation of the amine by the alcohol is significant. Owing 


+ =-_ 
to the more polar nature of the postulated, intermediate complex, Ph*N°C(NR,)—O, however, 
it would be expected that the solvation of this entity would be more important and hence that 
the term Syompiex Would make a major contribution towards the total solvation energy S. The 
greater the degree of solvation of the complex, the more facile should be the forward reaction 
(i, a), and hence the greater the value of k,. On both polar and steric grounds such solvation 
would be expected to decrease in the order MeOH > EtOH > Pr8OH, in agreement with the 
experimentally observed decrease in the value of &, in the same sequence (Table III), with both 
triethylamine and pyridine catalysis. 

As the velocity coefficiént k, falls, the values of both E, and In (PZ), increase, and this in- 
crease is more marked the weaker is the catalyst base. Although a detailed discussion of this 
change is not yet possible, the authors believe that it indicates very clearly the réle that the 
solvation is playing in the reaction. Such compensating changes in E and In PZ are usually 
associated with reactions in which solvation energy and entropy are important. Incidentally, 
it will be noticed that, on this second hypothesis, the persistent variation of k, with different 
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TaBLeE VI. 


(a) Effect of varying [ROH] on the velocity of the reaction between Ph*NCO (0°24m) and 
ROH with an excess of the base catalyst, pyridine (1°2m) in di-n-butyl ether at 20° and 30°. 














20°. 30°. 
(MeOH], ¢ A . ¢ A ~ . 
g.-mol. /l. 1072yi. A. 1 /Re. 1072p). A... 1 /he. 30° /k20°, Ew, kcals. 
1-20 46-65 0-39 2-57 79-2 0-66 1-51 1-70 9-3, 
0-96 51-81 0-43 2-32 84-2 0-70 1-43 1-63 8-6 
0-48 62-39 0-52 1-92, 102-4 0-85 1-17 1-64 8-7 
0-24 64-25 0-57 1-76, 114-9 0-96 1-04 1-79 10-3 
0-12 74-15 0-62 1-62 123-2 1-03 _ 0-97 1-66 8-9 
Mean _ ‘1-68 9-1 
20°. 30°. 
{EtOH}, ‘ A . r A» " 
g.-mol. /l. 107hy. ko. 1/keg. 107hy). he. 1/Re. R20 120°, Ey, kcals. 
1-20 23-55 0-20 5-10 44-44 0-37 2-70 1-89 11-4 
0-96 26-25 0-22 4-57 46-54 0-39 2-58 1-77 10-2 
0-48 34-24 0-28, 3-51 56-91 0-47 2-11 1-67 9-0 
0-24 38-04 0-32 3-15 62-00 0-52 1-93 1-63 8-7 
0-12 47-91 0-40 2-51 73-00 0-61 1-64, 1-53 76 


(b) Values of Ey, ¢, Ey (Rcals./mol.) and (PZ) (units in min.-1) in the reactions of varying 
concentrations of ROH with Ph*NCO (0°24m) with 1:2m-pyridine as catalyst in di-n-butyl ether. 








MeOH. EtOH. 
[ROH], ae Ew—e * Ew—e 
g.-mol. /I. Eu. €. (=E,+£,—E,). Ew. g. (=E,+£,—E,). 
1-2 9-4 —0-7 10-1 11-4 3-6 7:8 
0-96 8-6 —0-6 9-2 10-2 3-2 7-0 
0-48 8-7 —0-3 9-0 9-0 2-0 7-0 
0-24 10:3 —0-2 10-5 8-7 1-1 7-6 
0-12 8-9 —0-1 9-0 7-6 0-6 7-0 
Mean 9-6+0°5 Mean 7:340-3 
E, 7:8 15-8 (From temp. coeffs. of k 
E, —E, 1-4 —8-5 and k,/k,, respectively. 
(PZ), 7-2 x 108 2-4 x 104 


alcohols in the experiments in which [C,H,;N] > [ROH] is understandable, since the [ROH] 
(0°12—1‘2m) was, with one exception, >[Ph-NCO] (0°24m) and hence also >[complex]. 

If either of the modified views of the mechanism of the reaction is correct, the earlier hope 
that, by a study of the effect of varying alcohol concentrations at different temperatures, it 
would be possible to evaluate the activation energy for the co-ordination of any base with the 
isocyanate molecule, cannot be realised. For the same reasons, since k, is also composite, 
quantitative interpretation of the values of E, — E, would be of doubtful value. Certain 
qualitative deductions may, however, be made. When the catalyst is the strong base, triethyl- 
amine, the ratio k,/k, is always >1 and the value of E, — E, is negative, i.e., k; > k, and’ 
E, > E;, which means that there is a greater tendency for the isocyanate—base complex to react 
with alcohol to form the urethane than to dissociate into its original components. With the 
weaker base, pyridine, in 0°3m-concentration, the converse would seem to be true (A, > ks), since 
k,/ke <1 for methyl and ethyl alcohols, but not for the very slow reaction with isopropyl 
alcohol for which k, > Rg. 

The Catalytic Coefficient of the Base.—The observation that the value of k, is dependent not 
only on the nature of the alcohol taking part in the reaction but also, for any one alcohol, on the 
initial concentration of this reactant, raises the question as to the real meaning and significance 
of this entity. If either of the mechanisms of catalysis suggested on the basis of the results 
described in this communication is correct, the determination of any absolute value for the 
catalytic coefficient of the base itself would seem to be impossible. For the purposes of com- 
parison of the relative values of k, for different bases, the best measure would seem to be the 
extrapolated value derived from equation (iii) (p. 10) when the concentration of the alcohol 
is zero: k, then becomes k,k,/k, or Kk, with which it was identified in Part I (/oc. cit., p. 717), 
but it must be remembered that , and k, are probably themselves dependent of the nature of 
the alcohol so that any comparison between the catalytic effects of different bases must be made 
using the values for reaction with the same alcohol in every case. On this basis the values 
obtained for triethylamine and pyridine are given in Table VII. The relative value of &, for 








16 Baker and Gaunt: The Mechanism of the Reaction of 


triethylamine and pyridine so obtained (15°2) for the reaction with methyl alcohol does not 


differ greatly from that (7°45/0°56 = 13°3) previously obtained under the standard reaction 
conditions of Part I. 


TABLE VII. 
Values of k, = Kk, when [ROH] = 0 for (a) NEt,, (b) C;H,N. 
MeOH. EtOH. Pr8OH. MeOH. EtOH. Pr8OH. 
EE  scciwsidansd 9-3 3-6 0-22 (6) 0-61 0-38 0-12, 
_ eee 19-3 5-0 0-38, — — — 
ke /k® ao?’ ... 15-2 9-5 1-75 — —_— — 


Effect of varying the Reacting Alcohol—The experiments so far described on the effect of 
varying alcohol concentration on the velocity and activation energy of the reaction with phenyl 
isocyanate have been restricted to the three alcohols, methyl, ethyl, and isopropyl, since, with 
tert.-butyl alcohol, the reaction velocity is too slow and, in consequence, the numerical values too 
susceptible to error to justify such an extended investigation. Reactions with both #ert.-butyl 
alcohol and phenol have, however, been studied under the standard conditions of equimolecular 
concentration (0°24m). The comparative data for the whole series are given in Table VIII. 


TABLE VIII. 
Reaction of ROH with Ph*NCO (both 0°24m) in di-n-butyl ether with 0°0306M-NEt, at 
20° and 30°: 
R= Me. Et. PrB, Buy. Ph. 
10% i. po rae 20-46 7-64 0°57 0-009 7-20 
PG asises 27-92 11-99 1-12 0-016 10-0 * 
10% {20° ene 20-29 7:35 0-42 0-003, 7:19 
lh eo 27-62 11-48 0-88 0-0073 10-0 
Bie, WEE. cccsccess 5 7-85 13 13 5-8 


* Extrapolated from the value obtained when using 0-0312M-NEt, as catalyst. 


The large velocity decrease in the series Me > Et > Pr® > Bu’ is only partly accounted for 
by a corresponding increase in the activation energy, which suggests that steric factors are also 
important. It is very unlikely that fission of the alcohol occurs thus R } —OH, and such a 
possibility is excluded by the observation that both the spontaneous and the base-catalysed 
reaction of phenyl isocyanate with (—)-borneol give the optically active urethane. Ifthe reaction 


+ 
involved the formation of R at any stage, considerable racemisation would be expected, hence it 
seems almost certain that the fission of the alcohol occurs between the hydrogen and the oxygen, 
as, indeed, would be expected. 

On the basis of either of the hypotheses discussed above, it would be anticipated that the 
differential influence of both steric and polar factors on the formation of the base—alcohol com- 
plex would be relatively unimportant, a view which finds support in the close similarity between 
the infra-red absorption curves for methyl and ethyl alcohols in the presence of triethylamine 
(Part IV, loc. cit.). The important stages would be, most probably, the formation of the 
isocyanate—base complex and the further reaction of this with the alcohol. Solvation of the 
amine by a bulky alcohol molecule would prevent its close approach to the isocyanate molecule, 
and it has already been noticed that solvation of the base-isocyanate complex would be expected 
to diminish as the alcohol series is ascended. Thus both factors would tend to favour a velocity 
order Me > Et > Pr? > Bu’ for the first stage of the reaction. The large increase (ca. 5 kcals.) 
in the value of E, (p. 13) when reaction with the secondary, isopropyl alcohol replaces that 

84 with ethyl alcohol confirms this conclusion. The formation of the product 
H---OR urethane by the attack of an alcohol molecule on the base-isocyanate complex 
must involve a transition complex of the general type (II). The ready formation 
PhN—C— of such a complex, and the completion of the reaction to give the urethane, 
H would be favoured by (1) the necessary close approach of the alcohol molecule 

(II.) NR, to the base-isocyanate complex, which would be hindered if the alcohol were 
a+ of the bulky character of #ert.-butyl, and (2) the ease of breaking of the H-O 

bond in the alcohol.* Thus, in this stage also, both polar and steric factors in the alcohol favour 

* The acid strength sequence MeOH > EtOH > Pr8OH > BuYOH, derived from the general induc- 
tive effects (+J) of alkyl groups, is confirmed if use is made of the heats of combustion, in the gas phase, 
of the various alcohols to calculate the energy of the molecule, and hence, using the accepted values 
of the C-H, C-C, and C-O bond energies, to estimate the bond energies of the O-H bond in the four 


ee oT values so obtained are: MeO-H, 89-4; EtO-H, 94:0; Pr8O-H, 100-0; BuvO-H, 101-1 
cals. /mol. 
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a reaction velocity order Me > Et > Pr® > Bu”. This order is thus anticipated as the result 
of the operation of both polar and steric factors on all the significant stages in the proposed 
reaction mechanism and is in harmony with the experimental data. 

The case of the much more strongly acidic phenol is interesting. The very slow “ spon- 
taneous ” reaction of this alcohol with phenyl isocyanate is discussed in the following paper, 
but in the base-catalysed reaction its velocity is closely similar to that of the much more weakly 
acidic ethyl alcohol. Although the more strongly acidic character of phenol will facilitate the 
fission of the PhO-H bond in the final formation of the urethane, it would also be expected to 
favour the formation of a relatively stable amine—phenol complex so that, in this reaction, the 
more important catalytic entity may be the complex NEt,...H...OPh, containing a much 
stronger hydrogen bond which has to be broken in the formation of the base-isocyanate complex. 
This factor, possibly augmented by a steric effect due to the size of the phenol group and the 
resonance-stabilised planar configuration of the molecule, could explain the observation that 


phenol reacts more slowly with phenyl isocyanate than does the much more weakly acidic 
methyl alcohol. 


Thus the modifications of the original mechanism tentatively advanced on pp. 13 and 14 
and for which there is some support from the study of the infra-red absorption, do permit 
plausible explanations for a// the experimental data, which no other mechanism yet suggested 
is able to do, and may be regarded as at least a close approximation to the real nature of the 
isocyanate—alcohol reaction. It is hoped that some information on the effect of association 
and solvation of the alcohol on the reaction may accrue from studies in a hydrocarbon solvent 
which are at present in hand (cf. Part V, this vol., p. 27). 


EXPERIMENTAL. 


Materials.—Di-n-butyl ether. The original sample, purified as described below, was reclaimed from 
the residues obtained in earlier kinetic experiments, in the following manner. The collected residues 
were shaken with 1-5 times their own volume of water, and basic substances were removed from the 
separated ethereal layer by five extractions with concentrated hydrochloric acid followed by five wash- 
_ ings with water. After drying (CaCl,), the ether was kept in the dark for 14 days over 1% of solid 

tassium hydroxide and 1% of powdered potassium permanganate to remove oxides. After 

tration, the ether was again washed repeatedly with water, dried (CaCl,), and distilled under reduced 
pressure. Drying was then completed by refluxing the ether over fresh sodium until no further action 
occurred, and the sample was carefully fractionated through a Widmer column. The fraction, b. p. 
45-4°/23 mm., was stored over clean sodium wire in a glass-stoppered flask in the dark and the requisite 
quantities were redistilled just before use. 

Methyl alcohol. Absolute methyl alcohol (500 ml.) was refluxed for 10 hours with 2-5 g. of magnesium 
turnings and 0-5 g. of mercuric chloride and fractionated through a Widmer column in an apparatus 
from which atmospheric moisture was excluded by ——— oxide drying tubes; b. p. 64-0°. All 
alcohols were stored in sealed, dry tubes, previously ignited and cooled in a vacuum desiccator to remove 
moisture occluded in the glass. 


Ethyl alcohol. This was purified and dried by the method of Lund and Bjerrum (Ber., 1931, 64, 210) 
and fractionated through a Widmer column; b. p. 77-8°. 

isoPropyl alcohol. The original specimen was found to contain a considerable quantity of water, 
which was removed by refluxing (twice) over freshly ignited calcium oxide. Drying was completed on 
the distilled sample either by (1) refluxing for 6 hours with solid aluminium isopropoxide or (2) refluxing 
with aluminium amalgam (Vogel, J., 1927, 597). -Fractionation through a Widmer column gave a 
specimen, b. p. 81-5°. , 

tert.-Butyl alcohol. The solid alcohol was partly melted until about 25% had liquefied, and the 
liquid was decanted. The residual solid alcohol was refluxed for 6 hours with freshly ignited calcium 
oxide, distilled, refluxed with 2% of its weight of sodium, and finally fractionated through a Widmer 
column; b. p. 81-0°. 

Phenol. ‘‘ AnalaR’’ Phenol (50 g.) was refluxed with 1 g. of pure phenyl isocyanate under reduced 

ressure be er hours and then fractionated through a Widmer column, the sample, b. p. 86-5°/23 mm., 
ing collected. 

Phenyl isocyanate, triethylamine, pyridine, and piperidine. These were purified and dried as described 
in earlier work (Baker and Holdsworth, J., 1947, 713). Samples were redistilled from the appropriate 

ing agent immediately before use : the b. p.s were : ee isocyanate, 64-5°/23 mm.; triethylamine, 
89°; pyridine, kei 105°. The acetone, b. p. 56°, constant b. p. alcohol, b. p. 77-0°, and 
the screened methyl-red indicator were —— as previously described (Joc. cit.). 

Determination of Phenyl isoCyanate.—The method used was essentially that described in Part I 
(loc. cit.) but, in view of the very large number of kinetic experiments involved in the investigation, it 
was adapted to the micro-scale. pipettes and graduated flasks used were weight-calibrated with 
the actual solvent, di-n-butyl ether, both absolutely and against each other; the density values for the 
ether were those given by the International Bureau of Standards (Chem. Abs., 1931, 25, 2038), viz., 
d® 0-78563, a? 0-77254, d*®° 0-75976. The total volume of reaction solution was 20 ml., and 2 ml. 
samples were taken for each determination, the quantities of the various other materials being corre- 
ing | reduced, viz., piperidine solution (0-5m instead of 1-0m) 2 ml.; 0-563N-alcoholic hydrogen 

oride, 2 ml.; constant b. p. alcohol, 3 ml. The final titration with 0-568N-sodium hydroxide solution 

C 
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was carried out using an N.P.L. standard 2 ml. microburette, 3 drops of the indicator being used for each 
titration. A calibration curve for the determination of the phenyl isocyanate was constructed from the 
following data, obtained with various weights of the isocyanate delivered from a weight pipette : 


Blank = 0-203, 0-205, 0-204; mean = 0-204 ml. of NaOH solution. ~ 


Ph*NCO (m.) ...-eeesereeeeeees 96-9 70-9 57-0 42-1 29-4 11-2 5-6 
Vol. of NaOH required (ml.) 1-575 1-218 1-009 0-800 0-624 0-372 0-294 
Less blank (ml.) ..........seeeeees 1-371 1-014 0-805 0-596 0-420 0-168 0-090 


A plot of the weight of phenyl isocyanate against the corrected volume of sodium hydroxide solution 
gave a good straight line, showing direct proportionality over the whole concentration range studied. 

Application of this method to a study of the reaction between 0-2449m-phenyl isocyanate and 
0-2414m-methyl alcohol, catalysed by 0-0309m-triethylamine, gave values of 10*k, slightly lower than 
those (22-9) obtained previously by the original technique, but the reproducibility of the values (20-5, 
20-6) confirmed the reliability of the micro-technique, the small difference probably being due to even 
more effective exclusion of moisture resultant on the general improvement in technique consequent on 
longer experience with the method. i 

Velocity Determinations.—These were carried out in a manner exactly similar to that oe eee | 
described (Part I, loc. cit.) except that the reaction vessels, of the same pattern as those previously used, 
had a capacity of ca. 30 ml. and the total initial volume of the reaction solution was only 20 ml.: 2-ml. 
samples were taken and = isocyanate was determined by the micro-technique, the appropriate 
calibration curve being used. The very large number of separate velocity determinations makes it 
impracticable to record details of individual runs. In general 6—9 separate determinations at suitable 
time intervals were taken and the value of the second-order velocity coefficient was determined from the 
slope of the best straight-line plot of either x/(a — x) or log,, b(a — x)/a(b — x) against time (in minutes). 
In every case all the individual experimental points fell closely on such a straight line. The values of 
kexp thus determined under varying reaction conditions have already been given. The values of the 
second-order coefficients for the “‘spontaneous”’ reaction were similarly determined for identical 
isocyanate-alcohol concentrations and these values (recorded in Part III, following paper) were used 
to determine the true values of /,, the second-order velocity coefficient for the base-catalysed reaction 
which are given in this communication. The reproducibility of the results was frequently checked by 
duplicate determinations, always with satisfactory agreement. 

The following results are not recorded elsewhere in this paper. 

Proof of the Non-veversibility of Urethane Formation in the Presence of a Base Catalyst.—A 0-24m-solution 
of pure isopropyl phenylcarbamate, m. p. 89-0°, in di-n-butyl ether, which was also 0-03m with respect to 
triethylamine, was kept at 20° and any phenyl isocyanate formed was estimated at intervals by the 
usual technique. The following results were obtained, the blank value being the final sodium hydroxide 
titre in the presence of the piperidine and 2 ml. of 0-03m-triethylamine alone. 


Pe CIID =. i shnsrccnceseidesinceteniendsscsiecsicseciese 0 1530 2850 8730 
Vol. of NaOH for blank (ml.) ............seceeeeeeees 0-082 0-107 0-105 0-109 
00 ce. ~ MOBIC GR) sccccseccccccesssciccece 0-082 0-106 0-105 0-109 


Hence, no phenyl isocyanate had been formed in the reaction mixture after about 13 days. 

Direct Proportionality between ky and [NEt,] when the Catalyst Concentration exceeds the Original 
{ROH].—The velocity of the reaction of isopropyl alcohol with phenyl isocyanate, both 0-24mM, in the 
presence of [NEt,] of 0-03—1-20m at 20° gave the following data, the figures in parentheses being the 
number of experimental observations upon which the recorded mean of kz» was based : 


[NEt,], g.-mols./l. 0-03 0:06 009 O12 024 . 0-48 096 1-20 
l 2 


ie sceckdicisinnbitl 0-56(7) 0-97(8) 1-35(8) 2-04(6) 3-90(6) 6-60(6) 11-90(7) 16-21(7) 
ST vs sesaibps nied 0-42 O83 121 1:90 3-76 646 11-76 16-07 
10%yi/[NEt,] ...... 140 138 134 158 157 £134 123 134 (Mean 13-9) 


Retention of Optical Activity in ROH during Reaction with Phenyl isoCyanate.—(—)-Borneol was purified 
by sublimation, and 1 g. of the pure alcohol, m. p. 204°, was sealed with 2 g. of phenyl isocyanate and 
kept for 24 hours. The solid mass was dissolved in acetone, poured into a large volume of water to 
decompose the excess of phenyl isocyanate, and the dried crystalline deposit was extracted (Soxhlet 
with ligroin (b. p. 60—80°). The urethane which crystallised from the ligroin solution had m. p. 141 
(lit., m. p. 138°) and [a]p — 35°. The same result was obtained when the experiment was repeated in 
the presence of triethylamine. Thus optical activity is retained in both the uncatalysed and the 
catalysed reaction. 


The authors wish to express their grateful indebtedness to Prof. M. G. Evans, F.R.S., of the: Depart- 
ment of Physical and Inorganic Chemistry, for many valuable discussions of the data obtained throughout 
the course of this and the following investigations. One of them (J. G.) thanks the Research Fund of 
the Chemical Society for a grant. 


THE UNIvVERsITY, LEEDs. [Received, January 6th, 1948.]} 














[1949] The Mechanism of the Reaction, etc. Part III. 19 


4. The Mechanism of the Reaction of Aryl isoCyanates with Alcohols 
and Amines. Part III. -The “‘ Spontaneous” Reaction of Phenyl 
isoCyanate with Various Alcohols. Further Evidence relating to the 
Anomalous Effect of Dialkylanilines in the Base-catalysed Reaction. 


By Joun W. Baker and J. Gaunt. 


The “‘ spontaneous ”’ reaction between phenyl isocyanate and methyl, ethyl, isopropyl, and 
tert.-butyl alcohols and phenol in di-n-butyl ether has been studied kinetically at 20° and 30°. 
The reaction is catalysed by the reactant alcohol itself acting as a base, the mechanism being 
of the type shown in (I). Stationary-state conditions being used, the second-order 
velocity coefficient for the reaction is kg = k,k,[ROH]/(k, + &,3[ROH]), whence [ROH]/k, = 
k,/k,ks + [ROH]/A,, and this straight-line relationship has been experimentally verified when 

= Me, Et, and Pr8. The significance of the values of h,, ky/hs, E,, E,, and E, — E, (the 
Arrhenius activation energies for the various stages) thus determined is discussed on the basis 
of the combined operation of polar and steric effects of the group R, and it is shown that the 


experimental velocity order R = Me <Et(max.)> Pr8 Bu’ is in harmony with the theoretical 
deductions. 


Confirmatory evidence that the failure of the dialkylanilines to catalyse the isocyanate— 
alcohol reaction is due to the high compression energy which prevents the formation of the 
isocyanate—base complex (Part I, J., 1947, 713) is provided by the observations (1) that the 
same values of k, and the same velocity order R = Me <Et> Pr8 >Buy are obtained both for 
the spontaneous reaction and for reaction in presence of dimethylaniline (k, = 0-0), and (2) 
that N-dimethyl-m-2-xylidine, in which the assumption of a planar configuration (present in 
dimethylaniline) is prevented by the steric effects of the two o-methy] substituents fThemeea, 
J., 1946, 1113), is an effective catalyst (k2° = 0-015), the pyramidal configuration of this base 


permitting its sufficiently close approach to the isocyanate molecule to form the intermediate 
complex. 


THE mechanism deduced for the base-catalysed reaction between phenyl isocyanate and alcohols 
(Part II, preceding paper) and the earlier observation (Part I, jJ., 1947, 713) that the 
“* spontaneous ” reaction exhibits autocatalysis by the very weakly basic urethane product, 
suggested that, in the ‘‘ uncatalysed ’”’ reaction, the alcohol itself, with its basic oxygen atom, 


might function both as a weak basic catalyst and as a reactant, the reaction proceeding by a 
mechanism of the type 


k « 
Ph-N:C:0 + ROH > eee (Complex) (a) 
hs ROH (I) 
+ 
hy 
Complex + ROH —> Ph:NH-CO,R + ROH (8) 


This view was supported by the observation that, like 4, in the catalysed reaction, the second- 
order velocity coefficient, ky, for the spontaneous reaction is also dependent on the initial alcohol 
concentration. . 

On using stationary-state conditions mechanism (I) would give an expression for k, of a type 
very similar to that for h,; in the catalysed reaction, viz. 


hamhAiROMH, + ATROMP . . . 1 s - 3» @ 
= hyks/(kg/[ROH] + 43) 
As before, k, would then approximate to a constant, and the reaction thus simulate second-order 
kinetics, if k,/[ROH] were small in comparison with k,, or, in the early stages of the reaction, 
when [ROH] is not changing greatly. 
Equation (i) may be transposed thus : 


[ROH/A, = hed, + (ROMY, - 2. lw et tk 


The validity of mechanism (I) can thus be tested by a study of the effect of varying the 
concentration ratio [ROH]/[Ph*NCO], and a plot of [ROH]/k, against [ROH] should give a 
straight line of slope 1/k, and intercept k,/k,k,. The results obtained when the initial 
concentration of isocyanate was maintained at 0°24m and that of the alcobol was varied between 
0°12 and 2°4m, for methyl, ethyl, and isopropyl] alcohols, are given in Table I, and the plots of 
{ROH} /h, against [ROH] are shown in the figure. All values of velocity coefficients ave expressed in 


g.-mol.-* |. min.— units. 
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TABLE I. 


Effect of varying [ROH] on the velocity of the spontaneous reaction between ROH and PhyNCO 
(0°24m) in di-n-butyl ether at 20° and 30°. 





MeOH. EtOH. Pr80H. 
* 10%p. 10h. 10%. 

[ROH], _—_ 0 Ey aoa E, 
g.-mol./l. 20°. 30°. he? /kg2®*. (Acals.). 20°. 30°. hg?" /kg?™. (Kcals.). 20°. 30°. Ay? /kg?®*. (kcals.) 
012 006 O16 — — 009 034 — _ 0-07, 0-248 — en 
0-24 O17 0-29 1-71 95 0:29 O51 1:76 100 0-14 0:24, 1-70 9-5 
0-48 0:26 0-44 1-69 93 056 1:00 1:79 103 O21 0-40 1:82 105 
0-96 0-47 O84 1:82 105 084 1:59 1:90 11:3 033 055 1-70 9-5 
192 0-76 1:37 1:81 105 1:12 217 1:94 11-7 039 068 1-74 9-8 
2-4 0-87 152 1°75 99 118 230 195 11:9 O04 O73 1:80 103 

Mean 1:76 10-0 Mean 1:87 11-0 Mean 1-75 10-0 


From the above data the values of [ROH] /A, are : 


[ROH] = 2-4 1-92 0-96 0-48 0-24 0-12 
[MeOH] /Ay av 164 140 114 109 ‘275 
[EtOH] /Ay 30° 103 "85 Od 48 7353 
[PrP OH] ihe 50° 327 281 175 120 ‘88 


The expected straight-line relationship is observed at both 20° and 30° with all three alcohols 
for values of [ROH] > 0°24m. When the initial [ROH]> 0°24 the concentration of alcohol may 
be insufficient to satisfy both stages (a) and (b) in the mechanism (I) and the points corresponding 
to reaction with 0°12 and 0°24m-alcohol usually deviate from the straight line. 

The values of k, and &,/k, at 20° and 30°, derived from the plots of [ROH] /k, against [ROH] 
in the figure, are summarised in Table II. 


TABLE II. 


Values of k, and k,/k, in the reaction mechanism (I), between Ph-NCO and ROH in 
di-n-butyl ether at 20° and 30°. 


R= Me. Et. Prb, R= Me. Et. PrB, 
Oe 0-0217 0-0168  0-0052 (ky/ky)®” (x) ...... 0-28 1-08 1-56 
—__ Sneeaaaapssa 0-0313 0-032 00095 (ky/k)® (y) ...... 0-40 0-97 1-46 
od * re 1-44 1-99 1-82 yl A 1-43 0-90 0-94 
Ay) eS 6-5 11-6 10°5 E,—E, (kcals.) . 6-4 —1-1 —0-7 

DISCUSSION. 


In contrast to the base-catalysed reaction (Part II, preceding paper) but in agreement with 
the mechanism (I) (p. 19), the second-order velocity coefficient of the spontaneous reaction 
between phenyl isocyanate and an alcohol increases with increase in the initial concentration of 
the alcohol. 

On the basis of the suggested mechanism the overall Arrhenius critical energy of activation 
for the reaction 

E, = BET: in f hy*h,2*[ROH] hey?” + apeinonth, 
T, —T,° \k,” + k"[ROH]* &,. k,?*[ROH] 
: Tet ky + k,?° [RO 
=£,+8&, + FT ets F -In {ie Re ROHS 





(iii) 


The values of x and y in the iaiiead ue = «hk, and k,°° = yk,3° are given in Table II and 
hence the expression (iii) may be transposed into the form 


RIT 1 + #[RO 
E,=£,+E,-Ey+ oh - inf OH - . ultireetedbeelaal 


where E,, E,, and E, are the activation aa of the corresponding stages in mechanism (I). 
Insertion of the appropriate values for x, y, and [ROH] in this expression makes possible the 

evaluation of the term ¢«, the concentration-dependent term in the composite evaluation of E, for 

various initial concentrations of alcohol. The values of ¢ thus obtained are given in Table III. 
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TABLE III. 


Values of ¢ = [RT,T,/(T, — T;)]in (1 + xf[ROH))/(1 + y[ROH)) kcals./mol. for the 
spontaneous reaction between Ph*NCO and ROH in di-n-butyl ether between 20° and 30°. 











MeOH. EtOH. Pr8OH. 

ROH], = ¢ A , ¢ A , c A ‘ 
g.-mol. /l. €. E, —e. € E,-e é. E, —«. 
2-4 —2-81 12-7 +0-7 11-2 0-95 9-3 
1-92 —2-46 13-0 +0-7 11-0 - 8-9 
0-96 —1-54 12-0 +0°5 10-8 0-7 8-8 
0-48 —0-69 10-0 +0°3 10-0 0-51 10-0 
0-24 —0°47 10-0 +0°25 9-75 0-32 9-2 
0-12 —0-24 — +0°14 — 0-19 a 

Mean 11-5+1-2 10-5+0°5 : 9-2+0°3 


The values of ¢ for the spontaneous reaction are of much smaller magnitude than those of the 
corresponding term in the base-catalysed reaction (Part II, Joc. cit.), and the theoretical variation 
of E, with alcohol concentration, except in the case of methyl alcohol (when the maximum 


Spontaneous reaction between Ph:NCO and ROH in di-n-butyl ether at 20° and 30°. 
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variation is only 2°6 kcals.), is of the same order-as the probable experimental error for values 
determined at only two temperatures. In agreement with this, but in contradistinction to the 
observations in the base-catalysed reaction, the data in Table I show that, for the spontaneous 
reaction, the ratio k,®®"/k,, and hence the Arrhenius activation energy E,, is approximately 
constant and is thus essentially independent of the initial alcohol concentration. In consequence 
the values of E, — ¢ = E, + E; — E, show a small downward drift with decreasing [ROH] 
when R = Me or Et. Such a difference between the two reactions would be expected since, in 
the spontaneous reaction, complications arising from reversible complex-formation between an 
amine catalyst and the alcohol are absent; the entity involved in the complex formation in 
stage (I, a) of the mechanism can only be the alcohol itself. Unfortunately, there are still 
reasons why the values of k, and k,/k,, derived from the straight-line relationships in the figure, 
may not have the straightforward significance suggested by the reaction scheme given. Infra-red 
absorption data (cf. Part IV, following paper) clearly indicate the occurrence of considerable 
association of the alcohol molecules with the solvent ether and, possibly, with each other, and 
this complication will almost certainly affect the activity coefficients of the alcohols. 


+ - 

Differential solvation of the intermediate complex Ph*N:C(OHR) — O by different alcohols is 
also a potential factor. Hence, once again, it would be unwise to attach anything more than a 
qualitative significance to the values of k,, k,/k,, and the derived values of E, and E, — Ey. 
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The failure of methyl alcohol to exhibit the theoretical variation of 2°6 kcals. in the value of E, 
over the concentration range studied, exemplified by the greater variation of E, — e« for this 
reaction (Table III) may possibly be attributable to such causes. 

Analysis of the expected effects of alteration in the polar character and size of the alkyl group 
in the alcohol on the reaction velocity suggests the incidence of the following features. In 
stage (I, a) the alcohol is acting as a weakly basic catalyst and the ease of complex formation and 
the stability of the isocyanate—alcohol complex would both be expected to increase with increase 
in the strength of the alcohol as an oxygen base. Increasing electron-release (+ J effect) in the 
series R = Me <Et <Pr®<Bu” should cause a corresponding increase in the basic strength of 
the alcohol ROH, so that the operation of this polar factor alone should facilitate the forward 
reaction in stage (I, a) to give a velocity order MeOH <EtOH <Pr8OH <BuYOH. In this 
series, however, the size of the group R is steadily increasing and this steric factor will hinder the 
necessary close approach of the alcohol to the isocyanate molecule. The small maximum value 
of E,, observed with ethyl alcohol (MeOH, 6°5; EtOH, 11°6; Pr®OH, 10°5 kcals.), given in 
Table II, suggests that compression energy between the non-bonding groups may already be 
significant even when R = Et, although it must be remembered that differential solvation of the 
intermediate complexes by the different alcohols, may modify their order of stability. 

In stage (I, b) the second molecule of alcohol * functions in a manner analogous to that in the 
corresponding stage of the base-catalysed reaction, the transition complex being of the 
general type (II). Hence, both the polar effect, due to the decreasing acid strength’ 

MeOH> EtOH> Pr8OH> BuOOH, and the steric effect, arising from 

a 4 R the increasing size of the alkyl group from methy] to #ert.-butyl, will tend 

“he g— to inhibit stage (I, b). Thus, whereas in the base-catalysed reaction all 
Ph-N==C==0O factors, polar and steric, combine to predict a reaction velocity sequence 
R = Me> Et> Pr8> Bu”, yet in the spontaneous reaction the polar 
3+ effect of increasing electron-release by the group R facilitates stage 
(I, a), but tends to inhibit stage (I, b), and the steric factor has a retarding 
influence on both stages. The problem of assessing quantitatively the relative magnitudes 
of these opposing polar and steric factors, especially if modified by solvation effects, is insoluble, 
but a general consequence of such opposing factors is the existence of a maximum velocity 
at some point in the graded polar series. Data for methyl, ethyl, and isopropyl alcohols 
have already been given, and the case of #ert.-butyl alcohol was also studied under the standard 
conditions of initial [Ph-NCO] = [ROH] = 0°24m. The combined results are as follows : 


R= Me. Et. Pr8, Bu’. Ph. 
10,2” 0-17 0-29 0-14 0-005, 0-006 
10%%,2” 0-29 = 0-24, 0-008, _ 
max. 


At both 20° and 30° the reaction velocity coefficient does pass through a maximum value at 
R = Et, in contrast to the regular velocity sequence R = Me> Et> Pr8> Bu’, observed for 
the base-catalysed reaction. 

The very weakly basic character of phenol and, possibly, its planar configuration due to 


KX 
resonance GZ Son, which would make it a very inefficient catalyst in stage (I, a), are 


evidently much more important than any facilitating influence, due to its strongly acidic 
character, on stage (I, b), because the reaction velocity is of the same low order as that with 
tert.-butyl alcohol. This behaviour suggests that the facility of the reaction is mainly 
influenced by the ease with which the initial isocyanate—alcohol complex can be formed, and 
gives added significance to the maximum velocity observed with ethyl alcohol, since it is in this 
stage of the mechanism that the conflict between polar and steric effects arises. 

The Anomalous Catalytic Effect of Dialkylanilines.—In Part I (loc. cit.) it was found that the 
dialkylanilines, in spite of their basic strength (which is comparable to that of «-picoline) exert 


* Formation of the urethane by direct rearrangement of the alcohol-isocyanate complex thus, 
“or —» Ph-NH:CO,R cannot be correct, since it would fail to explain the term [ROH]* 
HOR 
| + 


LA 
which is required by the experimentally proved kinetic relationship 
_ d{Ph-NCO} - k,k,[Ph-NCO}][ROH]? 
dé © kg +k,[ROH] ~— 
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no Catalytic effect on the reaction between phenyl isocyanate and methyl alcohol, the velocity 
. being the same (within experimental error) as that of the uncatalysed, ‘‘ spontaneous ”’ reaction, 
This observation has now been confirmed for the reaction of phenyl isocyanate with all the four 
alcohols studied and at two temperatures. The results are tabulated in Table IV. 


TaBLe IV. 


Velocity of reaction between PhyNCO and ROH (both 0°24m), (a) without catalyst and (b) with 
dimethylaniline, in di-n-butyl ether at 20° and 30°. 





102k, exp. 
(6) 0-0307m- (b) 0-0614m- 
ROH. Temp. (a). NPhMe,. NPhMe,. Mean 10*kexp. 
MeOH 20° 0-170 0-174 0-175 0°17 
30 0-290 0-308 0-315 © - 0-30 
EtOH 20 0-287 0-298 0-297 0-29 
30 0-428 0-455 0-434 0-44 
Pr8OH * 20 0-144 0-111 0-110 0-12 
30 0-239 0-186 0-184 0-20 
BuvOH 20 ; 0-0062 0-0050 0-0046 0-0055 
30 0-0091 0-0076, 0-0074 0-0083 


In Part I quantitative evidence was adduced that the failure of the dialkylanilines to catalyse 
the reaction is due to the high compression energy between non-bonding groups in the approach 


of the dialkylaniline molecule, flattened by resonance G7 CS R,, to within the transition 


state distance to the isocyanate molecule. It was suggested that this steric factor made the 
formation of the base-isocyanate complex so difficult that the whole reaction proceeded by the 
“* spontaneous ”’ mechanism, the base playing no part. In other words, the lack of catalytic 
activity of these bases was due entirely to the enormous decrease in the value of the forward 


hy 
velocity coefficient k, in the equilibrium Ph*-NCO + base ==> complex, caused by the high 


compression energy involved in the formation of this complex. Hence any similar effect on k, 
(which could not be determined from the data available) was considered irrelevant to the 
problem. Confirmation of this view is now provided by the data in Table IV, which show that 
the relative velocity order with different alcohols in the presence of dimethylaniline is 
Me <Et> Pr&> Bu’, identical with that observed for the “spontaneous” reaction, but 
differing from that, Me> Et > Pr? > Bu’, for the base-catalysed reaction. 

Recently, Thomson (/., 1946, 1113) has investigated the question of the steric inhibition of 
resonance in dialkylanilines and its relationship to their basic strength. Although physical 
properties such as dipole moment (Hampson and Ingham, /., 1939, 981), and the atomic 
refractivity of the nitrogen (which, in N-dimethyl-m-2-xylidine, approaches very closely the 
value for nitrogen in a tertiary aliphatic amine; Thomson, J., 1944, 408) show that resonance of 
the dimethylamino-group with the benzene nucleus is almost completely suppressed by vicinal 
methyl groups, yet the basic strength of N-dimethyl-m-2-xylidine (pK 4°69) differs but slightly 
from that of N-dimethyl-m-5-xylidine (pK 4°48) and is, moreover, not greatly different from 
that of dimethylaniline itself (pK 4°26), all pK values being in 50% alcohol. Dimethyl-m-2- 
xylidine is thus an excellent tertiary base with which to test the suggestion that the lack of 
catalytic activity of the dialkylanilines depends entirely on the planar configuration of such 
molecules preventing their sufficiently close approach to the isocyanate molecule to form the 
requisite isocyanate—base complex. Its basic strength is closely similar to that of dimethyl- 
aniline itself (and, also to that of the catalytically active base a-picoline), but the suppression of 
resonance, giving it a configuration closely similar to that of a tertiary aliphatic amine, should 
greatly diminish the large compression energy involved in its close approach to the isocyanate 
molecule. It would be anticipated, therefore, that unlike dimethylaniline, dimethyl-m-2- 
xylidine should be an effective catalyst for the isocyanate—alcohol reaction. 

We are greatly indebted to Dr. Thomson for a gift of a small quantity of his specimen of this 
base with which to test this conclusion. The results given on p. 24 confirm our expectations, 

The value of &, at 20° for the xylidine is considerably lower than that (0°6) for «-picoline, but 
it would be expected that the two o-methyl substituents would, themselves, hinder the close 
approach of the molecule to the isocyanate, especially if, by analogy, it is assumed that the base 
may be solvated with alcohol molecules, but the reality of a small catalytic effect of dimethyl- 
m-2-xylidine is beyond doubt. 
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Reaction between Ph-NCO and MeOH (both 0°24m) in presence of (a) 0°03m-, (b) 0°06m-base in 
di-n-butyl ether at 20° and 30°. 








_ 107244. 
. 10*hexp . ‘ wie _ Mean value 
Base. (a). (b). 10%%p. (a). (b). of hy. 
At 20°. 
EE 0-17 0-17 0-17 0-00 0-00 0-00 
C,H,Me,"NMe, ...... 0-22 0-26 0-17 0-05 0-09 0-015 
At 30°. 
BEI, <asnyetssececes 0-29 0-29 0-29 0-00 0-00 0-00 
C,H;Me,"NMe, ...... 0-39 0-47 0-29 0-10 0-18 0-03 
EXPERIMENTAL. 


Materials —The solvent, alcohols, and dimethylaniline used were purified as previously described 
(Parts I and II, Jocc. cit.). The sample of N-dimethyl-m-2-xylidine was a pure specimen kindly supplied 
by Dr. Thomson, of the Department of Physical Chemistry, The University, Glasgow. It was again 
refluxed over solid potassium hydroxide and then fractionated through a Widmer column, the fraction, 
b. p. 86-8°/18 mm., being used. 

Velocity Determinations.—These were carried out, using the micro-technique, in exactly the same 
manner as those described in Part II except, of course, that no base catalyst was added in the 
determination of the velocities of the spontaneous reaction. The mean values of ky, the second-order 
velocity coefficient, were determined, as before, from the straight-line plot of the experimental values of - 
x/(a — x), obtained in 6—9 individual determinations of the phenyl zsocyanate present, against time, 
measured in minutes. The samples of reaction mixture were, in general, taken during the earlier stages 
of the (slow) reactions, i.e., before any disturbance arising from slight autocatalysis by the urethane 
formed (Part I) became significant. A satisfactory straight-line plot was always obtained. The number 
of individual experiments is, again, so large, that it is impracticable to give details of each experiment and 
the mean values of the velocity coefficients obtained have already been recorded earlier in this paper. 


One of us (J. G.) wishes to thank the Research Fund of the Chemical Society for a grant. 
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5. The Mechanism of the Reaction of Aryl isoCyanates with Alcohols 
and Amines. Part IV. The Evidence of Infra-red Absorption 
Spectra regarding Alcohol-Amine Association in the Base-catalysed 
Reaction of Phenyl isoCyanate with Alcohols. 


By Joun W. Baker, Manse M. Davies, and J. Gaunt. 


The effect of the addition of various concentrations of triethylamine on the infra-red 
absorption spectra, in the 3 region, of methyl and ethyl alcohols in di-n-butyl ether and in 
benzene solutions has been studied by using a Beckman I.R.2 automatic-recording instrument. 
In the ether solvent the complete absence of the absorption band at 2-74 » shows that no unas- 
sociated OH groups are present, but that the alcohol exists as ether-solvated and self-associated 
molecules. Addition of triethylamine gives rise to a new absorption in the region of 3-1 », which 
is ascribed to the formation of an amine—alcohol complex of the type postulated on the basis of 
—" studies of the phenyl isocyanate—alcohol reaction in the same medium (Part II, this vol., 
p. 9). 

In benzene solution a strong monomeric OH absorption peak occurs at 2-75 » and amine 
addition greatly decreases this absorption with the concomitant incidence of marked absorption 
in the 3-1 » region, clearly indicating the formation of an amine—alcohol complex. 

The bearing of these results on the kinetic data is briefly discussed. 


In Part II (this vol., p. 9) it was suggested that the kinetic data obtained in a study of the 
base-catalysed reaction between phenyl isocyanate and various alcohols could only be satis- 
factorily interpreted if it were assumed that the tertiary amine catalyst and the reactant, 
alcohol, form a complex of the hydrogen-bonded type R,N....H....OR. Data in the 
literature regarding infra-red absorption spectra of various amine-alcohol systems provide 
considerable evidence for such association. For instance, Freymann (Compt. rend., 1937, 204, 
261; cf. J. Chem. Physics, 1938, 6, 497, for summary and bibliography) found that, in solutions 
of alcohols such as trimethylcarbinol and butyl alcohol in carbon tetrachloride, the overtone 
band due to unassociated OH disappears on addition of amines such as anilines, pyridine, 
dibutylamine, etc. It seemed probable, therefore, that examination of the effect of addition 
of triethylamine on the infra-red absorption spectra of solutions of various alcohols in di-n-butyl 
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ether solution, i.e., with the reactants and solvent actually used in the kinetic study, would 
provide valuable information regarding the molecular condition of the alcohol during the 
isocyanate—alcohol reaction and test the validity of the mechanism suggested. A preliminary 
examination has been made of the infra-red absorption spectra of methyl and ethyl alcohols, 
with and without the addition of triethylamine, in both di-n-butyl ether and benzene, in the 
3 u region of the spectrum. Owing to the removal of one of us (M. M. D.) from Leeds, facilities 
to extend the investigation are no longer available, but the results so far obtained seemed to 
be of sufficient interest to be placed on record. 

Solutions of the single amine and alcohol components as well as amine-alcohol mixtures 
have been examined. The principal absorptions arise for the hydroxyl group of the alcohol 
and, in studying these in mixed solutions, corrections have been applied for any slight absorp- 
tions due to solvent and amine in the same region. 

Solutions in Di-n-butyl Ether.—The absorption curves for methyl alcohol and methyl 
alcohol-triethylamine mixtures are given in Fig. 1. Methyl alcohol alone at a concentration 





Fic. 1. 
Infra-red absorption of MeOQH-NEts in di-n-butyl ether solutions. 
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1. 0-4m-MeOH. 4. 1-0m-MeOH. 

2. 0-4m-MeOH + 0-4m-NEt;. 5. 1-0m-MeOH + 0-4m-NEt,. 

3. 0-4m-MeOH + 1-0m-NEt,. 6. 1-0m-MeOH + 1-0m-NEt,. 
Cell width = 0-10 mm. Cell width = 0-10 mm. 


of 0°4m (curve 1) shows a single, well-defined absorption centred at 2°85u. The centre of this 
absorption moves to slightly longer wave-lengths, and the breadth of the band increases con- 
siderably in that direction, when the concentration is increased to 1‘0m (curve 4). Dilute 
solutions of the alcohol in “ inert”’ solvents (e.g., carbon tetrachloride, chloroform, or carbon 
disulphide) show a strong absorption near 2°73 u due to unassociated hydroxyl groups, and, at 
higher concentrations, a further broad band, due to associated hydroxyl, appears at 2°95 u. 
The absence of any absorption in the 2°73 u region in the di-n-buty]l ether solution clearly shows 
the absence of unassociated alcohol molecules in this solvent. The position and form of the 
absorption at 2°85 u indicate a distinct interaction between the alcohol and the solvent ether, 
such solvation giving rise to a frequency change of only about half that which occurs on self- 
association of the alcohol. Correlating the extent of the frequency shift with the energy of 
solvation, it may safely be concluded that the energy of solvation of the alcohol by the ether is 
less than that of the self-association process, which is 4-7 kcals. per g.-mol. (Mecke and Nickel, 
Naturwiss., 1943, 31, 248). 

Addition of 0°4m-triethylamine to the methyl alcohol solutions at either 0°4 (curve 2) or 
10m (curve 5) concentration causes no pronounced change. There is a slight shift (~0°025 y) 
of the whole absorption band in the direction of longer wave-lengths when the amine is present, 
accompanied by a slight increase in absorption intensity in the 3°05—3°l1 u region. It is doubt- 
ful whether the former effect can be ascribed to anything more specific than the change in the 
medium brought about by the presence of the amine, but it is possible that the increase in 
absorption near 3°1 » is due to the formation of some amine-alcohol complex. This possibility 
is strengthened by the form of the absorption curve for the same alcohol concentrations in the 
presence of 1-‘0m-concentration of triethylamine (curves 3 and 6). With equimolecular (1°0m) 
concentrations of alcohol and amine a distinct shoulder is detectable in the 3°1 u region (curve 6), 
which becomes a small, but definite peak at ~3-05 » when the amine is present in excess (curve 3). 





26 The Mechanism of the Reaction, etc. Part IV. 


Even in this case, however, the absorption is still weaker than is that of the ether-alcohol 
association, suggesting that the latter probably remains the predominating form of the alcohol 
component. On the basis of the identification of the 3°1 » absorption with an alcohol-amine 
complex, its position suggests that the energy of the amine interaction with the hydroxyl group 


is of the same order or possibly slightly greater than is that of the self-association of the alcohol, 
the band corresponding to which is at 2°95 p. 











Fic. 2. 
Infra-red absorption of ECOH-NEt, in di-n-butyl ether solutions. 
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1. 1-0mM-EtOH. 
2. 1-0m-EtOH + 1-0M-NEt,. Cell width = 0-10 mm. 


In the case of ethyl alcohol only a single pair of absorption curves has been studied. That 
for a 1‘0m-solution of the alcohol alone (Fig. 2, curve 1) shows the same general form as the 
methyl] alcohol curve but the spread of the band is rather greater in the direction of longer wave- 
lengths and the maximum occurs at 2°79 yu, 1.e., considerably nearer to the position of the unas- 
sociated hydroxyl bond. Although more detailed examination is necessary before positive 
conclusions could be drawn, there is the indication that the solvent-alcohol association may be 











Fic. 3. Fic. 4. 
Infra-red absorption of MeOH-NEt, in benzene Infra-red absorption of ECOH-NEt, in benzene 
solution. solution. 
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PPP 


rather less in the case of ethyl alcohol than it is with methyl alcohol, and some unassociated 
alcohol may be present. Addition of 1-0m-triethylamine (Fig. 2, curve 2) again causes a slight 
displacement of this maximum to 2°83 py and a significant increase in absorption in the 3°l 
region, which is probably associated with amine—alcohol complex formation. 

These preliminary investigations do show that, in di-n-butyl ether, i.e., under the reaction 
conditions used in the kinetic study, there is considerable association of the alcohol with the 
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solvent and possibly with itself, and that amine—alcohol complex formation does occur. Both 
are probably more pronounced with methyl than with ethyl alcohol. 

Solutions in Benzene.—Striking differences are observed when the same alcohol—amine 
systems are examined in solution in dry benzene. The infra-red absorption curves for methyl 
alcohol are shown in Fig. 3. At both 0°4 and 1-0m-concentrations (Fig. 3, curves 1 and 2) the 
alcohol clearly shows the two characteristic absorptions due to unassociated (~2°75 y) and 
associated (2°90) molecules. Addition of triethylamine causes a marked decrease in the 
intensity of the monomeric absorption (Fig. 3, curves 3 and 4) and, in the presence of an excess 
of the amine, it is almost completely obliterated. The alcohol “ association band” is not 
greatly influenced at the amine concentrations studied, but a distinct absorption is now clearly 
observed in the 3°lp region. The exact centre and intensity of this absorption were not accur- 
ately determined, since the solvent itself shows increasing absorption just beyond this wave- 
length, but it is established that an alcohol—amine interaction occurs in benzene solution with 
even more marked spectroscopic effects than in di-n-butyl ether, and it is regarded as extremely 
probable that it is this interaction product which is responsible for the 3°1 » absorption. 

Corresponding infra-red absorption curves for ethyl alcohol are given in Fig. 4. The same 
general features are apparent except that the amine—alcohol absorption (at 3°07 y) is rather less 
pronounced. This observation is in harmony with the known weaker acidity of ethyl compared 
with methyl alcohol, a factor which would be unfavourable to amine—alcohol complex formation 
of the hydrogen-bonded type. 

Thus these preliminary spectroscopic results do lend support to the hypothesis which was 
developed in Part II (/oc. cit.) on the basis of the kinetic data, and their implications on the effect 
of a change of solvent on the isocyanate-alcohol reaction are immediately apparent. Data 
relating to such a kinetic study in benzene solution are discussed in Part V (following paper). 


EXPERIMENTAL. 


Preparation of Materials.—The specimens of methyl and ethy] alcohol, triethylamine, and the solvent 
di-n-butyl ether were the carefully purified and dried samples previously used in the kinetic studies 
(Part II, Joc. cit.). Each sample was freshly redistilled just before the solutions were made up for 
examination. 

“‘AnalaR ”’ Benzene was refluxed for 6 hours over phosphoric oxide and then fractionated through a 
Widmer column with exclusion of atmospheric moisture. The fraction of constant b. p. was refluxed 
over sodium until no further action occurred, again fractionated, and the sample, b. p. 79-8°, was stored 
over fresh sodium wire in a glass-stoppered Small quantities of this sample were freshly distilled 
immediately before use. 

The solutions used for the study of the infra-red absorption were made up by direct weighing from a 
weight pipette, using calibrated graduated flasks, immediately before use. 

Infra-ved Absor ee Curves.—The spectrometer used was a Beckman I.R.2 instrument incorporating 
a 60-mm. base roc ene which records directly, on an 11-inch chart, the energy transmitted as 
the spectrum is trave The effective slit widths were at the most 0-020, and a 0-10-mm. thick 
rock-salt cell was used throughout. The cell compartment was at 28°+2°. Percentage absorption was 
determined by the convenient method of Willis and Philpotts (Trans. Faraday Soc., 1945, 41, 187) and, 


in every case, the curves have been corrected for the small absorption of the solvent and the amine in 
the region studied. 


One of us (J. G.) thanks the Research Fund of the Chemical Society for a grant. The work was 
done during the tenure by one of us (M. M. D.) of an I.C.I. Research Fellowship. 
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6. The Mechanism of the Reaction of Aryl isoCyanates with Alcohols 
and Amines. Part V. Kinetic Investigations of the Reaction between 
Phenyl isoCyanate and Methyl and Ethyl Alcohols in Benzene Solution. 


By Joun W. Baker and J. Gaunt. 


The kinetics of both the “ spontaneous ’”’ and the base-catalysed (0-01m-NEt,) reactions 
between phen yl isocyanate and methyl and ethyl alcohols have been studied in benzene solution 
at 20° and 30°, and the values for the various velocity coefficients and co — Arrhenius 
activation energies in the mechanisms given in Parts II and III (this vol. 9, 19) have 


been compared with those obtained under comparable conditions in di-n-butyl ether as solvent. 
The values of k, and E, are of the same order in both solvents, and the faster velocity of both 
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the spontaneous and the base-catalysed reactions in benzene is found to be due mainly to a 
large increase in the value of the k,/k, ratio, corresponding to the observation that, in benzene 
E,>>>E;. This probably arises from a large decrease in E, in benzene solution, rather than from 
any significant change in E,, and may be correlated with the attack of monomeric alcohol 
molecules on the intermediate base-isocyanate (or, in the spontaneous reaction, alcohol— 
isocyanate) complex, since the infra-red absorption spectra (Part IV, preceding paper) show a 
considerable concentration of monomeric alcohol in benzene solution but none in di-n-butyl 
ether, in which solvent the alcohol is solvated with the solvent ether. 

Other features of the data are shown to be in qualitative agreement with the mechanisms 
previously proposed (Parts II and III, Jocc. cit.) modified by the different degrees of association 
and solvation of alcohol and amine catalyst in the two solvents. 


Tue infra-red absorption data recorded in Part IV (preceding paper) confirmed the earlier 
suggestion that exact interpretation of the kinetics of the isocyanate—alcohol reactions in 
di-n-butyl ether would be difficult since, in that solvent, the results are complicated by alcohol- 
amine (in the catalysed reaction), alcohol-solvent, and, possibly, alcohol—alcohol association. 
No unassociated alcohol molecules could be detected in that medium by spectroscopic 
examination. In benzene, however, it was found that alcohol-solvent association is absent, 
but, at the same time, unassociated alcohol molecules are definitely present and amine—alcohol 
association is more pronounced than it is in the ether solvent. Both these factors, and 
particularly the varying degree of complex formation at different concentrations of the alcohol, 
should have significant effects on the velocity of the reaction when the di-n-butyl ether is 
replaced by dry benzene as the solvent. The results of kinetic investigations of both the 
catalysed and uncatalysed reactions in benzene are described in this communication. 

(A) Uncatalysed Reaction.—Application of the kinetic test previously applied showed that 
the reaction between phenyl isocyanate and methyl or ethyl alcohol follows the same type of 
reaction mechanism in benzene as in the ether; the plot of [ROH]/A, against [ROH] always 
gave a good straight line as required by the relationship [ROH]/k, = k,/k,k,; + [ROH]/h,, 
where ko, k,, kz, and k, have the same significance as in Part III (loc. cit.), the units being 
g.-mol.-! 1. min.-! as before. Similarly Ey, E,, E,, and E, and the concentration-dependent 
energy term ¢ have the same meaning as before, the time units in the calculation of (PZ), being 
in minutes : the only change is the solvent employed. 


TABLE I. 


Reaction between varying concentrations of ROH with phenyl isocyanate (0°24m) in 
(a) di-n-butyl ether and (b) benzene, at 20° and 30°. 


(I) Methyl] alcohol, g.-mol. /I. 


2-4. 1-92. 0-96. 0-48. 0-24. 0-12. 
ee, [ae pas, —, —_———", 
a. b. a. b. a. b. a. b. a. b. a. b. 
ee cscccceee 152 3-65 1-37 3°69 0-84 2:97 0-44 2-04: 0:29 1:01 0-16 0-45 
10%, ......... 0-87 2-20 0-76 2-09 0-47 2:03 0-26 1:39; O17 O71 0-06 0-36 
kjk ...... 1-75 1:66 1-80 1:77 1-83 1:46 1-70 1:46: 1-70 1-42 (2-7) 1:25 
Ey, kcals. 9-9 8-9 10:3, 10-1 10-6; 6-7 93, 67 | 93, 6-2 _ 4-0 
e, kcals. ...... —2-8 12:3 —2-5 11-8, —1°-5 10-1 —0-7 7-8, :—0°5 5-4 —0-2 3-4 
E, —e,keals. 12-7 -—3-4 13:0 -—1:75 120 -—34 100 —115:100 +08 — +406 
Ey, (Rs/Ry)” (hs /R)?* E, — E,, 
ky. ky. k,2°/k,2. kcals. (PZ);. =y. = %. ylx.  kcals. 
In Bu?,O...... 0-0313 0-0217 1-44 6-5 1-6 x 103 0-400 0-280 1-43 6-4 
In C,H, ....... 0-0467 0-024 1-95 11-8 = =—-16 X «10° 1-68 3-79 0-443 —14-2 
(II) Ethyl alcohol, g.-mol./l. 
2-4. 1-92. 0-96. 0-48. 0-24. 0-12. 
a", Genoa, Guommany ne ‘ Ga, 
a. b. a. _ 6. a. b. a. b. a. b. a. b. 
10®A,9 ......04. 2-30 3-26 2-16 3-30 1-60 2-83 1:00 1:94; 0:50 1:04 0:34. 0-41 
10%2,* ......... 1-18 1-89 1-12 1:97 = 0-84 1:76 0-56 1-33: 0-29 0-71 0-09 0-29 
hee ke ...... 1-95 1:72 1-93 1:67, 1-90 1-61 1-79 1:46; 1-73 1-46 (3-9) 1-41 
E., kcals, 11-9 9-6 11-7 9-1 11-3 8-4 103 6-6, | 10-0 67 — 6-1 
e, kcals. ...... 0-7 10-0 0-7 9-7 0-5 85 03 68 | 025 49 0-14 3-1 
E, —¢,kcals. 11-2 —0O-4 110 —0-6 10-8 —0-1 100 —0-15; 9-75(—1-8) — (—3-0) 


E,, (kg/hq)®” (hey /eq)?™* 
kk”. Rhy. = y3"/k,2”. kcals. (PZ);. = ¥. = %. ylx. E, — Ey. 
In Bu?,O...... 0-032 0-0168 1-99 116 8&2 x 106 0-97 1-08 090 — ll 
In CoFig 009. 0-0402 0-0201 1-91 11:4 66x 10 2-27 4-32 0-52, —11-7 
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The results obtained for the ‘‘ spontaneous ’’ reaction between phenyl isocyanate and methyl 
and ethyl alcohols in benzene solution are summarised (italics) in Table I. For purposes of easy 
reference in discussion the corresponding data in di-n-buty] ether are included in the same table. 

It has already been noted (Part III, Joc. cit.) that the postulated mechanism is unlikely to 
occur normally when [ROH] is <[Ph*NCO] and hence, in the following discussion, data for 
[ROH]> 0°24 are discounted. 


DISCUSSION. 


It is immediately apparent that, other conditions being the same, the velocity of the reaction 
is always greater in benzene than in di-n-butyl ether and that the relative velocity increase is 
greater in the reaction with methyl than with ethyl alcohol. This might be expected on general 
grounds owing to the presence of monomeric alcohol molecules and the absence of alcohol—solvent 
association in the former solvent. In both these factors infra-red absorption data suggest a 
greater differentiation between the two solvents for methyl than for ethylalcohol. The absence of 
alcohol—solvent association in benzene, and its importance in di-n-butyl ether, are also revealed 
by the observations that the decrease in the value of ky with decreasing initial alcohol 
concentration is smaller in benzene than it isin the ether. Thus at 20° the ratio of the values of 
k, at 2°4 and 0°24m-alcohol concentration is, for methyl alcohol, 2°2/0°71 = 3 in benzene, and 


No: 87/0°17 = 5 in butyl ether, whilst, for ethyl alcohol, the corresponding values are 





1-89/0°71 = 2°5 and 1°18/0°29 = 4, respectively. The contrast on this point with the catalysed 
reaction, discussed below, may be noted in passing. 

The need for caution in making any deductions from the values of k,,k,/k,, and their derived 
values of E, and E, — E, has been stressed in earlier parts of this series, but the effect of the 
solvent change on these entities is so striking that certain qualitative deductions can be made 
with some confidence. The values of k,, and the derived value of the Arrhenius activation 
energy E,, are of the same order of magnitude in both solvents. It is in the value of the ratio 
k,/k, and its temperature coefficient that the most striking differences between the two solvents 
are exhibited. In butyl ether the value of E, — E, is relatively small and positive, or nearly 
zero (within the limits of experimental error), i.e., E, = E3, and, in harmony with this h, is either 
>k, (MeOH) or of the same order as 4,(EtOH), but in benzene E, — E, has a large negative 
value. The necessary deduction that, in benzene, E, > E, is again in harmony with the large 
integral values of k,/k, which show that k, > k, for both alcohols. Whilst the importance of 
alcohol solvation of the intermediate polar complex in the less polar solvent cannot be ignored, 
this suggests that the main factor responsible for the increased reaction velocity in benzene is the 
presence of monomeric alcohol molecules which have a much greater facility to attack the 
intermediate complex than have the alcohol-ether solvated (or associated alcohol) molecules 
exclusively present in the di-n-butyl ether. Such greater facility could arise from either or both 
of two causes: (1) the great diminution in any compression energy in the necessary 
close approach to the intermediate complex when the attacking entity is a single alcohol 
molecule in comparison with the bulky solvated or associated alcohol molecules; (2) the fact 
that no energy is now required to break hydrogen bonds in a solvated molecule before reaction 
is completed.* In other words, it is probable that the large negative values of E, — E, are due 
to a great decrease in E, rather than to any significant increase in E,, when the solvent is 
changed from butyl ether to benzene. 

Another striking feature is the effect of solvent change on the sign and magnitude of the 
values of the concentration-dependent energy term ¢. In butyl ether these are very small and 
negative, but in benzene they are large and positive. In so far as this term may be regarded as a 
measure of deviation from true second-order kinetics, this indicates a much greater divergence in 
benzene than in butyl ether. 

Thus the general picture of the mechanism of the uncatalysed reaction in benzene is that 
the difficult stage is the initial formation of the intermediate, polar, alcohol-isocyanate complex 
but that, once this is formed, the whole reaction has a very great tendency to “ run downhill” 
by reaction with a second molecule of alcohol to give the uncharged, urethane product, as 
indicated diagramatically by the full lines in the figure. In butyl ether the two possibilities, 
viz., the dissociation of the intermediate complex into isocyanate and alcohol or its further 


* If the increase in the value of k,/k, when benzene replaces the ether as solvent is ascribed essentially 
to a resulting increase in ks, it is not without si cance. that the calculated value of 
E,(Bu*,0) — E;(C,H,) for the ~14-fold increase at 20° (MeOH) is In 14RT = 1-36 kcals., and that for the 
30-fold increase in the pe oe g catalysed reaction is 2-4 kcals., values which are of ‘the correct order 

bonding et Da Davies, Ann. Reports, 1946, 43, 7). 


of magnitude for O-H 
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reaction with alcohol to give the urethane, would seem to be much more evenly balanced, as 
indicated, diagramatically by the broken lines in the figure. 

(B) Catalysed Reaction.—The catalysed reaction in benzene was studied with 0°01m-tri- 
ethylamine as the catalyst and so, for comparative purposes, the values of f,; in butyl ether, 
obtained with 0°03m-triethylamine, have been divided by 3. This procedure is justified by the 
direct proportionality between the velocity coefficients and the concentration of the base 
catalyst which was established in Part II. 


Diagrammatic representation of energy levels in the reaction between Ph‘NCO and MeOH 
in benzene and in di-n-butyl ether solutions. 
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Kinetically, the catalysed reaction in benzene is of the same type as that in butyl ether, the 
plot of 1/k, against [ROH] again giving the straight line required by the relationship 
[NEt,]/k,y = 1/k, = h,/kyks + [ROH]/Rk,. The various terms have the same significance as the 
corresponding ones in Part II. 

The data for benzene solution are given in Table II (italics), those in butyl ether being 
included for comparison. 

Discussion.—As was the case with the uncatalysed reaction, and for similar reasons, the 
velocity of the catalysed reaction is faster in benzene than in buty] ether and the increase is more 
marked with methyl than with ethyl alcohol. Contrary td the findings with the uncatalysed 
reaction, however, it will be noticed that, in the catalysed reaction, the effect of varying [ROH] 
on the magnitude of ,; is much greater in benzene than it is in the ether. Thus at 20°, the 
ratios of the values of k,; at 0°24 and 2°4m-alcohol concentration are, for methyl alcohol, 
27°6/2°71 = 10 in benzene, and 6°78/1°82 = 3°5 in the ether, whilst, for ethyl alcohol, the 
corresponding values are 7°54/1°08 = 7 and 2°45/0°57 = 4°3, respectively. Such differences 
may arise from the greater importance of solvation, both of the amine, as revealed by the 


+ - 
infra-red data (Part IV, loc. cit.), and of the polar complex Ph*-N:C(NR,)—O, by the alcohol in 
the less polar hydrocarbon solvent. The greater interaction in the case of methyl alcohol is 
reflected in the greater difference in the ratios in the two solvents for this alcohol (10, 3°5) than 
in those for ethyl alcohol (7, 4°3). 

The values of E, and k, are of the same order of magnitude in both solvents although E, is 
somewhat smaller (and k, slightly larger) in benzene than in butyl ether. Since both these 
entities are likely to be even more influenced by solvation in benzene than in the ether (owing to 
greater solvation of the amine and of the intermediate complex by alcohol in the former solvent) 
any deduction of a quantitative character could have little value. 

The main cause of the increased velocity of reaction in benzene evidently lies in the much 
greater value of k,/k, in this solvent, the increase in which, for the catalysed reaction, is even 
greater than it is for the spontaneous reactions. Thus, with methyl alcohol at 20°, there is a 
30-fold increase in the value of k,/k, when benzene replaces butyl ether as the reaction solvent 
(cf. footnote, p. 29). In harmony with this, the negative values of E, — E, are very much 
larger in benzene than in the ether, indicating that, in the former solvent E,)))>E£;. It is 
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TABLE II. 


Reaction between varying concentrations of ROH with phenyl isocyanate (0°24m) catalysed by 
0°01M-NEt, in (a) di-n-butyl ether and (b) benzene, at 20° and 30°. 


(I) Methyl alcohol, g.-mols. /1. 


2-4. 1-92. 0-96. 0-48. 0-24. 0-12. 
ey, ee. ’ >a cam, ’ ee 
a. b. a. b. a. b. a. b. a. b. a. b. 
a 3-56 4:38 424 539 65-7 10-33 832 19-84 9-2 3840 — (385-0) 
a, Oe 1-82 2-71 2-22 3-62 3-63 7-30 539 16-82 6-76 27-60 7-86 34-2 
od 1-96 161 = =1-91 1:49 = 1-81 1-42 1-54 1:18 1-36 1:23 — (1-02) 
Ey, kceals. ... 11-9 85 11-4 7-1 =105 6-4 746 2-9 54 37 — (0-4) 
e, kcals. ...... 7:0 24-8 6-6 24-7 5-2 24:1 36 23:0 2-2 21-2 13 18-5 
Ey, —e, kcals. 4:9 —16-3 48 —17-6 53 —17:7 40 —20-1 32 —175 — —181 
E, (Rs/Fy)°” = (#y/h)®” E,—E£, 
k,8, hy", 80/2", cals. (PZ). = i =z.  ylx.  ‘keals. 
In Bu?,O ...... 12-05 5-45 2-19 140 1-5 x 10% 1-01 1-60 0-63 — 9-4 
In C,H, ...... 10-87 = 6-97 1-56 7-9 5-0 x 108 11-5 47-8 0-24 —25-2 
(II) Ethyl alcohol, g.-mols. /1. 
2-4. 1-92. 0-96. 0-48. 0-24. 0-12. 
onions, pm, =e. ar, " ne, tou, 
a. b. a. b. a. ba. b. a. b. a. b. 
ORE 2.000000. 1-14 166 1-32 2-04 1-86 3-52 288 6:52 3-83 9-32 452 11-84 
., 0-57 1:08 0-69 1-31 = 1-14 2-57 1-80 4:77 2-45 7-54 2-85 9-29 
ee 1-98 1:54 1-91 1:56 1-63 1:37 1-60 1:37 = 1-56 1-24 1-59 1-28 
Ey, kcals. ... 12-1 7-7 «114 7-9 §=686 6-6 83 66 78 3-8 8-2 4-2 
ere 6-9 17-4 65 16:5 5:3 14-2 3-9 12-7 925 10-2 1-5 7-6 
Ey —e,kcals. 5:2 —9-7 49 —7°6 33 —86 44 -71 53 -—64 67 —3-4 
E,, (Rs/Rs) (kg/h) E, — Ey, 
(Ry, = y®, 9 /k,?*. cals. (PZ). = ¥. = %. y |x. kcals. 
In Bu®,O ...... 3-45 1-60 2-16 13-7 16x 10% 41-41 2-27 0-62 — 85 
In C,H, ...... 4:40 2-66 1-65 88 88 x 108 4-20 10-77 0-39 —18-4 


considered probable that this may again be ascribed to a large decrease in E, rather than to any 
significant change in E,, and thus arises from the much greater facility of attack by monomeric 
alcohol molecules on the amine-isocyanate intermediate complex. The general character of the 
difference between the reactions in benzene and in butyl] ether is thus of the same type as that 
exhibited by the spontaneous reaction, which is indicated diagrammatically in the figure. The 
much larger value of the &,/k, ratios in benzene is reflected in the increase in the values of the 
concentration-dependent energy term e in this solvent, thus indicating a greater divergence 
from true second-order kinetics in benzene than in butylether. Finally, the important réle of 
alcohol solvation of the amine is also indicated by the parallelism between the values of E, and 
(PZ),, an increase in E, always being accompanied by a corresponding increase in (PZ), (cf. 
Part II, p. 14). 

Summarising the whole field covered by the experimental data collected in Parts II—V of 
this series, it seems justifiable to conclude that the mechanisms for both the spontaneous and the 
base-catalysed reactions of phenyl isocyanate with alcohols which have been advanced are 
essentially correct, but that serious complications are introduced as a result of association and 
solvation. These latter factors, whilst capable of qualitative interpretation in the light of the 
experimental data, are not amenable to quantitative treatment on the basis of kinetic studies 
alone. 

EXPERIMENTAL. 

Purification of Materials.—The ‘‘ AnalaR ’’ benzene was purified and dried as described in Part IV, 
and all other materials were the purified specimens used in earlier parts of this series. 

Velocity Determinations.—These were carried out exactly as described in the paviens parts of this 
series. The micro-technique, described in Part II, for the determination of phenyl isocyanate was 
checked in the new solvent and found to be equally satisfactory in this medium. A suitable calibration 
curve in the presence of only 0-01m-triethylamine was constructed and used for the determinations in the 


base-catalysed reaction. The values of k,;, were derived, as before, from the good straight lines obtained 
(with 6—8 individual readings) on the basis of the usual second-order kinetic relationship. 


One of us (J. G.) thanks the Chemical Society for a grant. 
THE UNIVERSITY, LEEDs. [Received, January 6th, 1948.) 
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7. Some Unsymmetrical Pentamethincyanine Dyes and their 
Tetramethin Intermediates. 


By Frances M. Hamer. 


Crude iodides, obtained by condensing quaternary, heterocyclic ammonium salts, having 
a reactive methyl group, with f-anilinoacraldehyde anil hydrochloride, were converted into 
bases, and those into perchlorates: such anilinobutadienyl compounds were prepared in 
the 2- and 4-linked quinoline, benzthiazole, substituted indolenine, and benzselenazole series. 
Corresponding iodides (five new) of the 2- and 4-linked quinoline, benzthiazole, 6 : 7-benzbenz- 
thiazole, benzselenazole, benzoxazole, and A*-thiazoline series were prepared by condensing the 
ammonium salt with f-ethoxyacraldehyde diethyl acetal, then heating with aniline. Nine of 
-the anilino-compounds were acetylated. Such acetanilido-compounds were used for preparing 
unsymmetrical pentamethincyanines containing a thiazoline nucleus and a 2- or 4-linked 
quinoline, benzthiazole, or benzoxazole nucleus, and one containing a 2-linked and a 4-linked 
quinoline nucleus. Absorption maxima of methyl-alcoholic solutions are recorded. 


Havinc synthesised neocyanines with dissimilar nuclei (Hamer, Rathbone, and Winton, /., 1948, 
1872), we desired to compare their absorption maxima with those of the corresponding parent 
dyes, both tri- and penta-methincyanines; also to compare the absorption maxima of certain 
new anilomethy] intermediate dyes (Joc. cit.) with the tetramethin dyes which are intermediates 
in the preparation of pentamethincyanines. As regards unsymmetrical pentamethincyanines © 
and their tetramethin intermediates, we came to certain gaps in the scientific literature. 
Although such preparations have been covered by patents, the obtaining of pure specimens is 
not so easy as might appear, and the present account is given in order to bridge the gaps. 

The condensation of quaternary, heterocyclic ammonium salts, having a reactive methyl 
group, with §-anilinoacraldehyde anil hydrochloride, in the presence of acetic anhydride, to 
give pentamethincyanines or tetramethin intermediates, according to conditions (I.C.I. Ltd., 
Piggott, and Rodd, B.P. 355,693/1930), was claimed to proceed better in an alkaline medium 
(I.G. Farbenind. A.-G., B.P. 434,234/1933). But although, for instance, a quinaldinium 
salt, by boiling with an equimolecular amount of the anil hydrochloride in pyridine, appears 
to give a quantitative yield of tetramethin intermediate (I; XK = I), in practice it was not 
possible to isolate a pure specimen by fractional crystallisation. When such a salt is treated 
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with alkali, presumably HX is eliminated, yielding the base (II) (Kodak Ltd., B.P. 561,172/1940), 
and the corresponding base of the benzthiazole series has actually been isolated and recrystallised 
(Brooker, White, Keyes, Smyth, and Oesper, J. Amer. Chem. Soc., 1941, 68, 3192). In the 
present work, the base of the 2-quinoline series was freed from impurities by extraction with 
light petroleum, after which the extract was acidified and the ethoperchlorate (I; X = ClO,) 
was precipitated. A similar procedure was adopted to give the corresponding lepidinium salt. 
Tetramethin intermediates of the benzthiazole series (III; Y = S) and of the indolenine series 
(IV) were similarly prepared, but to obtain the intermediate in the benzselenazole series (III; 
Y = Se) the extraction with light petroleum was best omitted. 
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Sprague found that if a quaternary heterocyclic ammonium salt, having a reactive methyl 
group, is heated with B-ethoxyacraldehyde diethyl acetal in the presence of acetic acid, another 
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type of tetramethin intermediate resulted, ¢.g., (V), starting from quinaldine ethiodide (Kodak 
Ltd., B.P. 556,266/1940). In the present work no attempt was made to isolate (V) in a state of 
purity but the crude product was condensed with aniline, as is suggested (loc. cit.), to give the 
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ethiodide (I; X =I); and similarly with the crude ethoxy-compound derived from lepidine 
ethiodide. (I; X =I) had previously been reached by treating the acetanilido-compound 
(VI; X = I) with aniline (Brooker et al., loc. cit.). Both the ethiodide and the ethoperchlorate 
in the 2-quinoline series (I; X = I or ClO,) were acetylated to give (VI; X = I or ClO,), and 
so also in the 4-quinoline series. The acetal method was also applied in the benzthiazole, 
6 : 7-benzbenzthiazole, and benzselenazole series, and proved especially valuable for preparing 
the tetvamethin intermediates of the benzoxazole and A*-thiazoline series, as these could not be 
reached by the anil method; all five of these ethiodides were acetylated. 

The absorption curves of methyl-alcoholic solutions were plotted, but to obtain consistent 
data for the maxima of anilino-compounds such as (I), it proved desirable to use acidified 
solutions, since there is in solution an equilibrium between the salt (I) and the base (II). In 
two instances the maxima did show approximately the agreement that should be expected with 
values recorded for the corresponding ethiodides (B.P. 434,234), but with (I) itself the discrepancy 
was 105a., and in the 4-quinoline series (ethoperchlorate compared with methiodide) it was 
140 a. To obtain absorption data for bases, such as (II), basified methyl-alcoholic solutions of 
the perchlorates were used. There were bathochromic shifts on passing from the absorption 
maximum of base to that of salt, the eight values varying from 295 to 715. The shifts on 
passing from anilino-salts, such as (I), to the corresponding acetanilido-salts, such as (VI), 
were hypsochromic (cf. Brooker et al., loc. cit.), the seven values varying from 435 to 1295 a. 
The absorption measurements revealed that acetanilido-salts of the benzoxazole, 6 : 7-benz- 
benzthiazole, and thiazoline series rapidly hydrolyse to the anilino-salts. With the benzoxazole 
salt it was possible, by avoiding delay, to record the position of the maximum of the acetanilido- 
compound in methyl-alcoholic solution but in the thiazoline series hydrolysis was too rapid. 
That maximum, as also that in the benzbenzthiazole series, was determined in acetic acid 
solution; the maxima of the corresponding anilino-compounds in acetic acid solution, as 
determined for comparison, proved to be the same as for the acidified methyl-alcoholic solutions. 
The acetanilido-salts deteriorated on keeping, giving off acetic acid, so that for dye preparations 
it was desirable to use freshly prepared samples. 

The desired unsymmetrical pentamethincyanines were prepared by condensing a 
quaternary salt, having a reactive methyl group, with a tetramethin intermediate, having: 
an acetanilido-group, in the presence of triethylamine in ice-cold alcohol (cf. Brooker, B.PP.. 
436,941; 436,017/1933). Thus (VII) was prepared from quinaldine ethiodide and the acetanilido~ 
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compound of the A*-thiazoline series, whilst an isomeride, having a 4-quinoline, instead of a 
2-quinoline nucleus, was similarly prepared by use of lepidine ethiodide. The same 
acetanilido-compound with 2-methylbenzthiazole ethiodide gave a pentamethincyanine with 
one A*-thiazoline and one benzthiazole nucleus but, even under the mild reaction conditions, 
this was accompanied by a by-product, the pentamethincyanine with two benzthiazole nuclei. 
The same acetanilido-compound gave little sign of reaction with 2-methylbenzoxazole ethiodide : 
(VIII) was, however, prepared by the alternative route of condensing the acetanilido-compound 
of the benzoxazole series with 2-methyl-A*-thiazoline ethiodide; by using the anilino- instead 
of the acetanilido-compound of the benzoxazole series, only a negative result was obtained. 


(IX) was prepared by condensing the acetanilido-compound of the 4-quinoline series with 
quinaldine ethiodide. 
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Both the pentamethincyanines and tetramethin intermediates comprise photographic 


sensitisers. The photographic tests were carried out on gelatino-bromide plates unless otherwise 
stated. 


EXPERIMENTAL. 


2-(4’-Anilinobuta-1’ : 3’-dienyl)quinoline Ethoperchlorate (I; X = ClO,).—Quinaldine etho-p-toluene- 
sulphonate (6-61 g.; 1 mol.), B-anilinoacraldehyde anil hydrochloride (5-48 g.; 1-1 mols.), and pyridine 
D 
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(20 c.c.) were boiled together for 3 minutes. The reaction mixture was treated hot with a solution of 
potassium iodide (12-79 g.; 4 mols.) in water (20 c.c.) and the dye iodide was filtered off and washed 
(8-28 g.; 100% yield). It was ground and shaken with acetone (80 c.c.) and a solution of sodium 
hydroxide (9-3 g.; 12 mols.) in water (55 c.c.). After separation of dye by-product, the acetone extract 
was added to ice-cold water (345 c.c.). After standing in the cold, the liquid was decanted from the 
deposited tar, which was further washed, dried in a vacuum desiccator, and thrice extracted with light 
petroleum (b. p. 80—100°; 3 x 500c.c.). The extracts of base were treated with acetic acid (30 c.c.) 
and cooled. The solvent was decanted off, the tar taken up in acetic acid (40 c.c.), and the solution 
treated hot with one of sodium perchlorate (5 g.) in water (30 c.c.). The dye perchlorate (3-85 g.; 50% 
yield), after recrystallisation from methyl alcohol (515 c.c.), was obtained in 26% yield. A specimen was 
dried to constant weight in a vacuum at 60—80° and analysed by the method of Carius, which methods 
of drying and analysis were used throughout this work except where otherwise stated (Found: Cl, 
8-8. C,,H,,0,N,Cl requires Cl, 8-85%). The dull purple crystals shrank from about 220°, m. p. at 
about 246° (decomp.). The absorption maximum of a methyl-alcoholic solution containing ammonia 
was at 4980 a., and of one containing sulphuric acid at 5275 a., whereas the value recorded for the 
ethiodide is 5380 a. (B.P. 434,234/1933). The dye depressed the normal speed of a photographic plate 
to light of short wave-length; weak sensitisation extended to 6400 a., the very flat curve having its 
maximum at 5600 a. 

2-(4’-Anilinobuta-1’ : 3’-dienyl)quinoline Ethiodide (I; X = 1).—Quinaldine ethiodide (11-96 g.; 

1 mol.), B-ethoxyacraldehyde diethyl acetal (15 c.c.; 2 mols.), and acetic acid (20 c.c.) were heated and 
stirred together on the steam-bath for 10 minutes (cf. B.P. 556,266/1940). The cooled reaction mixture 
was treated with absolute ether (100 c.c.), and the solid filtered off and washed thrice with ether (3 x 20 
c.c.). It was heated on the steam-bath with aniline (3-8 c.c.; 1 mol.) for 2 minutes, and the anilino- 
compound was heated with acetone (10 c.c.), filtered off after cooling, and washed with acetone (12 c.c.) 
(11-70 g. obtained). After recrystallisation from methyl alcohol (585 c.c.), the yield was 36% (Found : 
i, 29-35. Calc. for C,,H,,N,I : I, 29-65%). The steel-blue crystals had m. p. 234° (decomp.). Brooker, 
White, Keyes, Smyth, and Oesper (Joc. cit.) prepared it from the aatealiilecnngennt with aniline in 
alcohol and give m. p. 238—240° (decomp.). 

2-(4’-Acetanilidobuta-1’ : 3’-dienyl)quinoline Ethoperchlorate (VI; X = ClO,).—2-(4’-Anilinobuta- 
1’ : 3’-dienyl)quinoline ethoperchlorate (1-37 g.) was boiled with acetic anhydride (18 c.c.) for 2 minutes. 
The substance which crystallised represented a 71% yield (Found: Cl, 7-9. C,;H,,;0,N,Cl requires 
Cl, 80%). The brick-red crystals began to darken at about 180° and melted at about 240° (decomp.). 
The absorption maximum of a methyl-alcoholic solution was at 4270 a. The dye weakly sensitised to 
5900 a., whilst depressing the speed of the plate to. blue light. 

2-(4’-Acetanilidobuta-1’ : 3’-dienyl)quinoline Ethiodide (V1; X = I).—2-(4’-Anilinobuta-1’ : 3’-dienyl)- 
quinoline ethiodide (1 mol.) was similarly boiled with acetic anhydride (10 c.c. per g.), and the mixture 
poured into a warm solution of potassium iodide (4 mols.) in water (8 times vol. of acetic acid). The 
yield was 82% both before and after recrystallisation from acetic acid (14 c.c. per g.), suggesting the 
presence of solvent of recrystallisation. A sample dried to constant weight in a vacuum at 60—80° 
(Found: I, 24-65%) lost weight on drying at 100—110° (Found: I, 27-25. Calc. for C,,H,,ON,I : 
I, 27-0%). The steel-blue crystals had m. p. ca. 226° (decomp.), whereas Brooker e# al. (loc. cit.) record 
m. p. 231—234° (decomp.)._- 

4-(4’-Anilinobuta-\’ : 3’-dienyl)quinoline Ethoperchlorate-—Lepidine (1-43 g.; 1 mol.) and ethyl 
toluene-p-sulphonate (2-00 g.; 1 mol.) were heated together at 155—160° for 3 hours, B-anilinoacraldehyde 
anil hydrochloride (1-1 mols.) and pyridine (10 c.c.) were added, and the mixture was boiled for ten 
minutes. The reaction mixture was treated hot with a solution of potassium iodide (4 mols.) in water 
(10 c.c.), and the crude, washed ethiodide resulted in 59% yield (2-53 g.). It was treated with acetone 
(50 c.c.) and an aqueous solution of sodium hydroxide (12 mols.) and the filtered acetone extract was 
added to cold water. The washed, dried tar was extracted four times with light petroleum (b. p. 
80—100°; 4 x 400c.c.). The extracts were acidified with acetic acid (40 c.c.) and the tars taken up in 
acetic acid (40 c.c.) and treated hot with a solution of sodium perchlorate (2-53 g.) in water (30 c.c.). 
The dye perchlorate (0-95 g.; 40% yield) was boiled out with, and recrystallised from, methyl alcohol 
(5 c.c., 55 c.c.) and thus obtained in 9% of the yield theoretically possible, as calculated from the crude 
ethiodide (Found: Cl, 8-8. C,,H,,0,N,Cl requires Cl, 8-85%). The bluish-green crystals had m. p. 
about 223° (decomp.) with previous softening. The absorption maximum of a methyl-alcoholic solution 
containing ammonia was at 5355 a., and of one containing — acid at 5660 a., but the value given 
for the corresponding methiodide (B.P. 434,234) is 5800 a. Photographic sensitisation was to 6500. 
with decrease of the sensitivity to blue light. 

4-(4’-Anilinobuta-1’ : 3’-dienyl)quinoline Ethiodide.—Lepidine ethiodide (11-96 g.; 1 mol.), B-ethoxy- 
acraldehyde diethyl acetal (2 mols.), and acetic acid (20 c.c.) were heated together on the steam-bath 
for 10 minutes. Absolute ether (100 c.c.) precipitated a tar, which was thrice washed with ether 
(3 x 20c.c.). It was further heated with aniline (1 mol.) for 2 minutes and the resultant solid was heated 
with acetone (10c.c.). After cooling, it was filtered off and washed with acetone (l0c.c.). This ethiodide 
(6-73 g.), after recrystallisation from methyl alcohol (330 c.c.), was obtained in 21% yield (3-63 g.) 
(Found : I, 29°75. C,,H,,N,I requires I, 29-65%). The green crystals had an indefinite m. p. at about 
245° (decomp.). 

4-(4’- Acetanilidobuta-1’ : 3’-dienyl)quinoline Ethoperchlorate.—4-(4’-Anilinobuta-1’ : 3’-dienyl)- 
quinoline ethoperchlorate was boiled with acetic anhydride (10 c.c. per g.) for 2 minutes. The filtered 
solution was precipitated with absolute ether (10 vols.) and the product (98% yield) recrystallised from 
acetic acid (12 c.c. per g), giving an 86% yield (Found: Cl, 8-2. C,,;H,,0,N,Cl requires Cl, 8-0%). 
The yellowish-brown substance melted at about 230° (decomp.), with darkening from 190°. It showed 
photographic desensitisation. The absorption maximum of a methyl-alcoholic solution was at 4365 a. 

4-(4’- Acetanilidobuta-1’ : 3’-dienyl)quinoline Ethiodide.—4- (4’- Anilinobuta-1’ : 3’-dienyl)quinoline 
ethiodide was similarly acetylated, and the reaction mixture treated with a solution of potassium iodide 
(87% yield). After recrystallisation from acetic acid (10 c.c. per g.), the yield was 71% (Found, after 
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diying in a vacuum at 100—110°: I, 26-6. C,,;H,,ON,I requires I, 27-:0%). The orange compound 
had m. p. at about 178° (decomp.). , 
2-(4’-Anilinobuta-1’ : 3’-dienyl)benzthiazole Ethoperchlovate (III; Y = S).—2-Methylbenzthiazole 
_ etho-p-toluenesulphonate, f-anilinoactaldehyde anil hydrochloride, and Ys geese ne were boiled together 
for 3 minutes, then treated hot with an aqueous solution of potassium iodide, giving a 93% yield of crude, 
washed ethiodide. Previously it was described as obtained from 2-methylbenzthiazole ethiodide, with 
the anil, and piperidine in alcohol (I.G. Farbenind. A.-G., B.P. 434,234/1933). For its conversion into 
base (cf. Kodak Ltd., B.P. 561,172/1940; Brooker et al., loc. cit.), the crude ethiodide (4-02 g.; 1 mol.) 
was suspended in a¢etone (40 c.c.) and shaken with a solution of sodium hydroxide (15 mols.) in water 
(33 c.c.). The filtered mixture was separated, the dye by-product washed with acetone (5 c.c.), and the 
acetone extract again filtered and added to ice-cold water (167 c.c.). The base, precipitated in 62% 
yield (1-76 g.), was extracted thrice with light petroleum (b. p. 80—100°; 100c.c., 2 x 50 c.c.), and the 
united extracts were treated with acetic acid (10 c.c.). The deposited tar was dissolved in acetic acid 
(20 c.c.) and treated hot with a solution of sodium perchlorate (1-76 g.) in water (20 c.c.). The dye 
perchlorate (0-51 g.) was boiled out with, and recrystallised from, methyl alcohol (5 c.c., 30 c.c.), being 
obtained in 15% yield (Found : Cl, 8°75. CygH,,O,N,CIS requires Cl, 8-7%). The light maroon crystals 
shrank from about 185° and melted at about 225° (decomp.). The absorption maximum of a methyl- 
alcoholic solution containing ammonia was at 4510 a., and of one containing sulphuric acid at 5120 a. 
The value given for the ethiodide (B.P. 434,234) is 5150. The dye slightly depressed photographic 
sensitivity to blue light, whilst sensitising the plate to 6100 a., the very flat curve having its maximum 
at 5600 a. 

2-(4’-Anilinobuta-1’ : 3’-dienyl)benzthiazole Ethiodide.—2-Methylbenzthiazole ethiodide (4-07 g.; 
1 mol.), B-ethoxyacraldehyde diethyl acetal (2 mols.), and acetic acid (7 c.c.) were heated together for 
10 minutes at 100°, as in B.P. 556,266. After cooling, the solid was filtered off, washed with ether and 

_with acetone, and heated for 2 minutes at 100° with aniline (2 mols.). The product was heated with 
acetone (10 c.c.), cooled, filtered off, and washed thrice with acetone (3 x 5 c.c.) (82% yield). After 
recrystallisation from methyl alcohol (60 c.c. per g.), the yield was 61% (Found, after drying in a vacuum 
at 80—100°: I, 29-05. Calc. for C,,H,gN,IS: I, 29-25%). The purplish crystals had m. p. about 
220° (decomp.), with previous darkening. Brooker et al. (loc. cit.), who prepared it by the action of aniline 
on the acetanilido-compound, quoted m. p. 250—252° (decomp.). 

2-(4’-Acetanilidobuta-1’ : 3’-dienyl)benzthiazole Ethiodide.—This was prepared (89% yield) by boiling 
the anilino-compound for 2 minutes with acetic anhydride (10 c.c. per g.). After recrystallisation from 
acetic acid (8 c.c. per g.), the yield was 84% (Found, after drying in a vacuum at 80—100°: I, 26-35. 
Calc. for C,,H,,ON,IS : I, 26-65%). The light brown crystals melted at 231° (decomp.), with darkening 
from about 170°. Brooker et al. carried out the acetylation with acetic anhydride in pyridine and gave 
m. p. 233—234° (decomp.) (loc. cit.). The absorption maximum was at 43104. The compound 
sensitised a gelatino-chloride plate very weakly to 5200 a., with the maximum at 5000 a. 

2-(4’- Anilinobuta-1’ : 3’-dienyl)-6: 7-benzbenzthiazole Ethiodide.—2-Methyl-6 : 7-benzbenzthiazole: 
ethiodide (14:20 g.; 1 mol.), B-ethoxyacraldehyde diethyl acetal (2 mols.), and acetic acid (20 c.c.) 
were heated together at 100° for 10 minutes. Absolute ether (120 c.c.) precipitated a tar, which was: 
thrice washed with ether (3 x 20 c.c.), then heated at 100° with aniline (2 mols.) for 2 minutes. The 
product was heated with acetone (100 c.c.), filtered off, and further washed with acetone (50 c.c.) (80% 
yield). It was boiled out with methyl alcohol (2 x 370 c.c.) and the product which crystallised (38% 
yield) was again recrystallised from methyl alcohol (80 c.c. per g.) with charcoal treatment (0-2 g. per g.), 
and gave a 23% yield (Found, after drying in a vacuum at 80—100°: I, 26-0. C,,H,,N,IS requires 
I, 26-2%). The dark blue crystals had m. p. 215—220° (decomp.). A methyl-alcoholic solution 
containing ammonia had its absorption maximum at 4750 a.; one containing sulphuric acid, as also 
an acetic acid solution, had the maximum at 5300 a. The dye sensitised weakly at 6200 a., with the 
maximum at 5750 a. 

2-(4’-Acetanilidobuta-1’ : 3’-dienyl)-6 : 7-benzbenzthiazole Ethiodide.—The foregoing ethiodide was 
boiled with acetic anhydride (10 c.c. per g.) and the crystalline salt (95% yield) recrystallised from acetic 
acid (13 c.c. per g.), giving an 819) yield (Found, after drying in a vacuum at 80—100°: I, 24-25. 
C,,;H,,ON,IS requires I, 24-1%). The greenish-yellow solid had no definite m. p.; decomposition began 
at about 140°, becoming violent at a point between 185° and 220°. The absorption maximum of an 
acetic acid solution was at 4395 a. The salt decreased the blue sensitivity of a gelatino-chloride plate, 
whilst conferring extremely weak sensitivity from 4800 to 5400 a., with the maximum at 5000 a. 

-(4’-Anilinobuta-1’ : 3°-dienyl)-3 : 3-dimethylindolenine Methoperchlorate (IV).—2: 3 : 3-Trimethyl- 
indolenine methiodide (3-01 g.; 1 mol.), B-anilinoacraldehyde anil hydrochloride (1 mol.), and pyridine 
(10 c.c.) were boiled together under reflux for 10 minutes and the solution was treated hot with one of 
potassium iodide (2 mols.) in water (100 c.c.). After cooling, the liquid was decanted off, and the residual 
tar washed with water. It was dissolved in acetone (40 c.c.) and stirred for 30 minutes with a solution 
of sodium hydroxide (12 mols.) in water (40c.c.). The filtered acetone layer was added to a cold solution 
of ammonium chloride. The dried, crude base (2-27 g.) was twice extracted with light petroleum (b. p. 
80—100°; 200 c.c., 100 c.c.). The extracts were treated with acetic acid (10 c.c.), and the resultant 
tar dissolved in acetic acid (20 c.c.) and treated hot with an aqueous solution of sodium perchlorate 
(3 g. in 20 c.c.). “The washed perchlorate (1-83 g.) was thrice boiled out with ethyl acetate (3 x 20 c.c.) 
and the residue was recrystallised from absolute alcohol (40 c.c.), giving an 8% yield (Found : Cl, 8-75. 
C,,H,;0,N,Cl requires Cl, 8-8%). The purple solid began to darken at about 180°, to shrink at about 
210°, and had m. p. 223° (decomp.). A methyl-alcoholic solution containing ammonia had its absorption 
maximum at 4385 a., and one containing sulphuric acid at 5090 a. The dye sensitised to 6100 a., with 
the maximum at 5800 a., but decreased the normal blue ef 

2-(4’-Anilinobuta-1’ : 3’-dienyl)benzselenazole Ethoperchlorate (II1; Y = Se).—2-Methylbenzselenazole 
ethiodide (3-52 g.), B-anilinoacraldehyde anil hydrochloride, and pyridine were similarly heated together, 
and the reaction mixture treated with potassium iodide solution. The crude ethiodide (3-96 g.) was 
treated with acetone (40 c.c.) and sodium hydroxide solution. In this case the filtered acetone extract 
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was added to cold water (300 c.c.) containing acetic acid (10 c.c.) and sodium perchlorate (4 g.). The 
resultant tar, after being washed and dried (2-81 g.), was boiled out with, and recrystallised from, methyl 
alcohol (10 c.c., 65 c.c.), giving an 11% yield, calculated from the original reactants (Found: Cl, 8-0. 
Ci9H,,0,N,ClSe requires Cl, 7-8%). The purplish compound had m. p. 218° (decomp.). A methyl- 
alcoholic solution containing ammonia had its absorption maximum at 4505 a., and one containing 
sulphuric acid at 5220 a. The value given for the ethiodide (B.P. 434,234) is 5250 a. Sensitisation was 
to 6300 a. with the maximum at 5600 a, and the normal blue sensitivity was decreased. 

2-(4’-Anilinobuta-1’ : 3’-dienyl)benzselenazole Ethiodide.—2-Methylbenzselenazole ethiodide (14-09 g. ; 
1 mol.), B-ethoxyacraldehyde diethyl acetal (2 mols.), and acetic acid (20 c.c.) were stirred together 
at 100° for 10 minutes, as in B.P. 556,266. After cooling, the solid was filtered off, washed twice with 
ether and twice with acetone (2 x 5 c.c.), and further heated with aniline (2 mols.) for 2 minutes. The 
ex ie was heated with acetone (20 c.c.), cooled, filtered off, and washed five times with acetone 
5 x 10 c.c.) (80% yield). It was twice recrystallised from methyl alcohol (73 c.c. per g.), giving a 
53% yield (Found : I, 26-2. C,,H,)N,ISe requires I, 26-35%). The dark reddish bronze compound had 
m. p. about 220° (decomp.). 

_2-(4’-Acetanilidobuta-1’ : 3’-dienyl)benzselenazole Ethiodide.—The preceding anilino-compound was 
boiled with acetic anhydride (10 c.c. per g.) for 2 minutes. The washed salt (88% yield) was recrystallised 
from acetic acid (47 c.c. per g.), and gave a 78% yield (Found: I, 24-55. C,,H,,ON,ISe requires I, 
24-25%). The light chestnut-brown powder had m. p. 240° (decomp.) with previous darkening. The 
absorption maximum was at 4420 a. The salt sensitised weakly to 5800 a., and decreased the normal 
blue sensitivity of the plate. 

2-(4’-Anilinobuta-\’ : 3’-dienyl)benzoxazole Ethiodide.—2-Methylbenzoxazole ethiodide (11-56 g.; 
1 mol.), B-ethoxyacraldehyde diethyl acetal (2 mols.), and acetic acid (20 c.c.) were heated and stirred 
together on the steam-bath for 10 minutes. The cooled liquid was treated with absolute ether (100 c.c.) . 
and the resultant tar washed thrice with ether (3 x 20c.c.). Instead of attempting to induce its crystal- 
lisation (Kodak Ltd., B.P. 556,266/1940; Brooker and Sprague, J. Amer. Chem. Soc., 1945, 67, 1869) it 
was heated with aniline (1 mol.) on the steam-bath for 2 minutes. The resultant product was boiled 
with acetone (60 c.c.), cooled, filtered off, and further washed with acetone (60 c.c., 2 x 20 c.c.) (7°31 g. 
obtained). After recrystallisation from absolute alcohol (70 c.c. per g.), the yield was 34% (Found: I, 
30-2. C,sH,,ON,I requires I, 30-35%). The red crystals had m. p. at about 160°, with previous 
softening. The absorption maximum of a methyl-alcoholic solution containing ammonia was at 4220 A., 
and of one containing sulphuric acid at 4785 a. The substance was inert towards a gelatino-chloride 
photographic plate. 

2-(4’-Acetanilidobuta-1’ : 3’-dienyl)benzoxazole Ethiodide.—The above anilino-compound was boiled 
with acetic anhydride (10 c.c. per g.) for 2 minutes. The washed crystalline product (61% yield) was 
recrystallised from acetic acid (7 c.c. per g.4, giving a 43% yield (Found : I, 27-35. C,,H,,0,N,I requires 
I, 27-6%). The orange crystals had m. p. about 210° (decomp.), with darkening from 195°. The 
absorption maximum of a freshly prepared methyl-alcoholic solution was at 4350 a. The substance was 
inert towards a gelatino-chloride photographic plate. 

2-(4’-Anilinobuta-1’ : 3’-dienyl)-A*-thiazoline Ethiodide.—2-Methyl-A*-thiazoline ethiodide (5-14 g.) 
was heated with B-ethoxyacraldehyde diethyl acetal in acetic acid and the product was precipitated with 
ether and heated with aniline. After treatment with acetone (15 c.c.), the product (5-00 g.) was boiled 
out with, and recrystallised from, methyl alcohol (13 c.c., 75 c.c.), being obtained in 36% yield. After a 
second recrystallisation from methyl alcohol (20 c.c. per g.), the yield was 27% (Found: I, 33-1. 
C,;H, .N,IS requires I, 32-85%). The orange crystals had m. p. 209° (decomp.). A methyl-alcoholic 
solution containing ammonia had its absorption maximum at 4200 a.; one containing sulphuric acid, 
as also an acetic acid solution, had its absorption maximum at 4600 a. The substance sensitised a 
gelatino-chloride plate from 4200 to 5400 a. with the maximum at 5000 a. 

2-(4’-Acetanilidobuta-1’ : 3’-dienyl)-A*-thiazoline Ethiodide.—The anilino-compound was boiled with 
acetic anhydride (20 c.c. per g.) and the acetanilido-compound crystallised on cooling in 86% yield 
(Found: I, 29-8. C,,H,,ON,IS requires I, 29-65%). The yellow crystals had m. p. about 226—229° 
(decomp.), with darkening from 190°. The absorption maximum of an acetic acid solution was at 4100 a. 
whereas one in methyl alcohol had presumably hydrolysed, since it had the maximum at 4600 a. with 
an inflexion to the curve at 4200 a. The compound sensitised very weakly to about 5000 a. 

[2-(1-Ethylquinoline) |(2-(3-ethyl-A®-thiazoline)|pentamethincyanine Iodide (VII).—The last ethiodide 
(1-71 g.; 1 mol.) and quinaldine ethiodide (1-2 g.; 1mol.) were ground together, treated with triethylamine 
(1-1 c.c.; 2 mols.) in ice-cold alcohol (20 c.c.), and kept in ice for 2 days, with occasional stirring. The 
crude dye was washed with alcohol, ground thrice with water (3 x 20 c.c.) (1-38 g. left), and twice 
recrystallised from absolute alcohol (30 c.c. per g.), being obtained in 39% yield (Found: I, 27-6. 
C,,H,;N,IS requires I, 27-35%). The blue crystals turned green at about 100°, shrank from 130° with 
gradual melting, and decomposed violently at about 215°. The absorption maximum was at 6245 a. 
The dye sensitised weakly from 5600 to 7100 a., with the maximum at 6600 a. 

[4-(1-Ethylquinoline) }[2-(3-ethyl-A?-thiazoline) |pentamethincyanine Iodide.—This was similarly prepared 
by use of lepidine ethiodide (1-20 g.) in place of quinaldine ethiodide (4 mols. of NEt, used). The alcohol- 
washed dye (1-28 g.), recrystallised from methyl alcohol (14 c.c.), was obtained in 51% yield (Found : 
I, 27-35. C,,H,;N,IS requires I, 27-35%). The green crystals had m. p. 207° (decomp.). The 
absorption maximum was at,6705 a. The substance sensitised from 5700 to 7600 a., with the maximum 
at 7000 a. 

Attempts to effect this condensation by heating with pyridine, or with sodium acetate in acetic 
anhydride, were unsuccessful. 

[2-(3-Ethyl-A*-thiazoline)](2-(3-ethylbenzthiazole)|pentamethincyanine Iodide.—2-(4’-Acetanilidobuta- 
1’ : 3’-dienyl)-A*-thiazoline ethiodide (3-42 g.; 1 mol.) and 2-methylbenzthiazole ethiodide (1 mol.) were 
allowed to react with triethylamine (1-2 mols.) in ice-cold absolute alcohol (20 c.c.) for only 34 hours, in 
the hope that deposition of the desired dye would precede that of the by-product. The solid was filtered 
off, washed with alcohol, and ground with water (3-06 g. left). It was boiled out five times with methyl 
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alcohol (5 x 20 c.c.) and the first three extracts gave a 50% yield (1-88 g.), whilst the last two gave 
thiadicarbocyanine by-product (0-15 g.). A second fractionation from methyl alcohol (2 x 20 c.c.) 
removed no more by-product and the yield dropped to 38%. The dye was finally recrystallised from 
methyl alcohol (45 c.c. per g.) with addition of charcoal (0-1 g. per g.) and obtained in 24% yield (Found : 
I, 26-8. C,,H,,N,IS, requires I, 27-0%). The blue crystals showed decomp. from 165° to 185°. The 
absorption maximum was at 6005 a. Extra photographic sensitivity extending from 5400 to 7300 a. 
was conferred, with the maximum at 6300 a. and a weaker one at 6950 a. 

[2-(3-Ethyl-A*-thiazoline) |[2-(3-ethylbenzoxazole) |pentamethincyanine Iodide (VIII).—2-(4’-Acetanilido- 
buta-1’ : 3’-dienyl) benzoxazole ethiodide (2-30 g.; 1 mol.) and 2-methyl-A?-thiazoline ethiodide (1 mol.) 
were mixed with triethylamine (1-2 mols.) in ice-cold absolute alcohol (15 c.c.). After four days in ice, 
the product was filtered off, washed with alcohol, ground with water (30 c.c.), and extracted with hot 
acetone (8 c.c.). The residue (9% yield) was recrystallised from absolute alcohol (150 c.c. per g.), and 
then again with charcoal treatment (0-1 g. and 300 c.c. alcohol, per g.); the yield was 4% (Found: I, 
27-9. C,,H,s;ON,IS requires I, 27-95%). The dark blue compound had m. p. 220° (decomp.). The 
absorption maximum was at 5615 a. Sensitisation extended to 6500 a. with the maximum at 5900 a. 

[2-(1-Ethylquinoline)][4-(1-ethylquinoline)|pentamethincyanine Iodide (IX).—4-(4’-Acetanilidobuta- 
1’ : 3’-dienyl)quinoline ethiodide (2-35 g.; 1 mol.), quinaldine ethiodide (1 mol.), and triethylamine 
(2 mols.) in ice-cold alcohol (25 c.c.) reacted together for 13 days. The dye was then filtered off, washed 
with alcohol, and ground with water (50 c.c.) and thrice with acetone (3 x 1l5c.c.). The residue (74% 
yield) was twice boiled out with methyl alcohol (2 x 10 c.c.) and this second residue recrystallised from 
it (300 c.c.) with charcoal treatment (0-2 g. per g.) (36% yield). A second such recrystallisation (140 c.c. 
per g.), with charcoal, gave a 21% yield of dye containing only a trace of 2: 2’-dicarbocyanine, the 
presence of which in the crude product had been revealed by absorption measurements (Found, after 
drying in a vacuum first at 80—100° and then at 100—110°: I, 24:75. C,,H,,N,I requires I, 25-05%). 
The greenish-gold crystals had no definite m. p. Shrinking began at about 100° and melting might, or 
might not, occur at about 130° (decomp. at about 240°). The absorption maximum was at 7605 a. The 
dye sensitised from 6800 to 8500 a., with maxima at 7600 and 8200 a. 


I am indebted to Mrs. B. Inman for the absorption data and to Dr. B. H. Carroll and Mr. J. Morgan 
for sensitising tests. 


Kopak Ltp., WEALDSTONE, HARROW, MIDDLESEX. [Received, March 12th, 1948.] 





8. Some Synthetic Experiments leading to Formation of 
Methyl-1 : 2-benzanthraquinones. 


By D. E. A. Rivett, G. Swain, and A. R. Topp. 


N-Nitrosoaceto-2-naphthalide reacts with 2-methylnaphthalene to yield a mixture of 
2-methyldinaphthyls. The mixture on oxidation gives, in addition to neutral products, an 
acid, C,,H,,03, cyclised by sulphuric acid to 7-methyl-1 : 2-benzanthraquinone and an 
apparently isomeric quinone, m. p. 151—152°, differing substantially in m. p. from any of the 
recorded methyl-] : 2-benzanthraquinones. In an attempt to clarify the position by an 
alternative synthesis, 4-methylphthalic anhydride was brought into reaction with naphthalene 
under Friedel-Crafts conditions; two isomeric naphthoyltoluic acids were obtained, of which 
one, obtained in very small amount, could be cyclised to 7-methyl-1 : 2-benzanthraquinone. 
The other, which formed the main product, yielded on similar treatment an isomeric quinone, 
m. p. 139—140°. It is suggested on available evidence that the quinones, m. p. 151—152° and 
m. p. 139—140°, represent mixed crystals of 6-methyl- and 7-methyl-1 : 2-benzanthraquinones, 
and are formed by molecular rearrangement of naphthoyltoluic acids during cyclisation. 


THE investigations here recorded had their origin in an attempt to synthesise 1 : 2 : 5 : 6-dibenz- 
fluorenone (cf. Swain and Todd, /J., 1941, 674) by the following hypothetical route : 
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N-Nitrosoaceto-2-naphthalide was allowed to react with molten 2-methylnaphthalene. The 
product, a brown resin, could be distilled in superheated steam, but even after further 
purification by high vacuum distillation only a small fraction of it could be crystallised, and this 
proved to be a mixture. By fractional crystallisation of this solid material one component 
could be obtained as colourless plates, m. p. 121—122°, and this was shown by analysis and 
molecular-weight determination to be a 2-methyldinaphthyl. The crude resinous condensation 
product treated with picric acid gave a crystalline picrate, m. p. 152—154°, from which a second 
hydrocarbon, or hydrocarbon mixture, with an indefinite m. p. 135—145°, could be regenerated ; 
this too gave analytical values agreeing for a 2-methyldinaphthyl. Since individual 2-methyl- 
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dinaphthyls could evidently be isolated from the initial reaction product only with difficulty and 
in poor yields, the crude resin was directly oxidised with chromic acid in the hope that the 
dinaphthylcarboxylic acid, or acids, produced would be more easily separated. Most of the 
oxidation product was an intractable neutral orange resin with quinonoid properties which could 
not be crystallised. The smaller acidic fraction yielded on sublimation under reduced pressure 
2-naphthoic acid and a second acid, m. p. 160—162°. Analysis showed that, contrary to 
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expectation, the latter was not a dinaphthylcarboxylic acid but a keto-acid of empirical formula 
C,,H,,0, which gave on acetylation an acetoxy-lactone, C,,H,,O,. Treatment of the crude acid 
fraction from the oxidation as a whole, or of the isolated acid, m. p. 160—162°, with sulphuric 
acid, gave two products separated by fractional crystallisation—yellow plates, m. p. 151—152° 
and yellow needles, m. p. 159—160°. Analysis and molecular-weight determinations indicated 
that these were isomers of formula C,,H,,O,, and that they were quinones was demonstrated by 
reductive acetylation to colourless diacetates. 

The production of a keto-acid, C,,H,,O;, from a 2-methyldinaphthy] can only be explained by 
fission of a ring in one of the naphthalene nuclei during oxidation to give an acid in which the 
2-methyl group is still intact; moreover, there are only two possible 2-methyldinaphthyls 
(I and V) from which such an acid (II or VI) could be produced. 

Ring closure of each of the keto-acids (II) or (VI) could theoretically give rise to two 
methylbenzanthraquinones, as shown in the above scheme, the linear compound (IV) being a 
common product in both cases. The yellow quinone, m. p. 159—160°, proved to be slightly 
impure 7-methyl-1 : 2-benzanthraquinone (III) (m. p. 167°). The obvious conclusion would be 
that the acid, m. p. 160—162°, has structure (II), but in that case one would expect that the 
_ isomeric quinone, m. p. 151—152°, would be the linear 2-methyl-6 : 7-benzanthraquinone (IV). 
(IV), however, has m. p. 240—242° (Waldmann and Mathiowetz, Ber., 1931, 64, 1717), whilst 
6-methyl-1 : 2-benzanthraquinone (VII), which might conceivably have been formed from (II) 
by rearrangement during ring-closure, has m. p. 174° (Cook, J., 1932,470). The common origin 
of the isomeric yellow quinones and their close similarity in properties made it difficult to believe 
that they were not both methylbenzanthraquinones. All the possible methyl-1 : 2-benzanthra- 
quinones have, however, been described (Cook, J., 1938, 505), and all of them melt above 152°. 
The amount of the product, m. p. 151—152°, at our disposal was rather small for structural 
determination by degradation, and, although it seemed rather unlikely that any of the recorded 
methyl-1 : 2-benzanthraquinones had constitutions other than those assigned to them, it was 
decided to seek some clarification of the situation by an alternative synthesis. 

4-Methylphthalic anhydride (VIII) was condensed with naphthalene in presence of aluminium 
chloride with the object of preparing one or more naphthoyltoluic acids according to the scheme : 
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The reaction between 4-methylphthalic anhydride and naphthalene might conceivably yield (II) 
and (V1) as well as (IX) and (X). That (II) and (VI) would be produced in any quantity is 
extremely improbable, however, for, although it has been claimed that the reaction between 
phthalic anhydride and naphthalene gives some 2-naphthoylbenzoic acid (Willstatter and 
Waldschmidt-Leitz, Ber., 1921, 54, 1423; Fieser and Hershberg, J. Amer. Chem. Soc., 1937, 59, 
1029), contrary to the findings of Graebe (Annalen, 1905, 340, 249), in neither paper where the 
claim is made is there any record of the properties of the acid. Ring-closure of (IX) and (X) 
should yield respectively 7-methyl-1: 2-benzanthraquinone (III) and 6-methyl-1 : 2-benz- 
anthraquinone (VII) unaccompanied by isomers, provided no rearrangements occur. 

In. practice, the chief product of the reaction between 4-methylphthalic anhydride and 
naphthalene was a l-naphthoylioluic acid, m. p. 211—213°, accompanied in one experiment by a 
small amount of a second isomeric acid, m. p. 214—216°. Ring-closure of the acid, m. p. 
214—-216°, with sulphuric acid yielded 7-methyl-1 : 2-benzanthraquinone (III). The acid, 
m. p. 211—213°, gave 1-naphthoic acid on fusion with alkali, and cyclisation with sulphuric acid 
or phosphoric oxide furnished a yellow quinone, C,,H,,0,, m. p. 139—140°, unchanged by 
recrystallisation, chromatography, or vacuum sublimation. On reduction, this quinone yielded 
a mixture of methyl-l : 2-benzanthracenes, from which only 7-methyl-1 : 2-benzanthracene 
could be isolated in pure condition. As it was suspected that the mixture also contained 
6-methyl-1 : 2-benzanthracene, a mixture of equal parts of the 6- and 7-methyl-1 : 2-benzanthra- 
quinone (VII) and (III) was recrystallised from ethyl acetate-methanol. The yellow needles 
obtained had m. p. 139—140°, undepressed in admixture with the material formed by cyclisation 
of the acid, m. p. 211—213°, and we were unable to separate it again into its components. It is 
therefore concluded that the acid, m. p. 2i11—213°, yields a mixture of 6- and 7-methyl-1 : 2- 
benzanthraquinone. It will be observed that whatever be the orientation of the 1-naphtboyl- 
toluic acid, m. p. 211—213°, [(X) might be regarded as the more likely since the acid, m. p. 
214—-216°, yielding only (III) is probably (IX)], rearrangement by migration of the l-naphthoyl 
residue must have occurred during ring-closure. Migrations of this type are well known and 
have been discussed by Cook (J., 1932, 1472), who found, for example, that cyclisation of 
2-carboxy-1 : 2’-dinaphthyl ketone yielded a mixture of 1:2:5:6-, 1:2:6:7-, and 
1:2: 7: 8-dibenzanthraquinone. 

In view of these results, attention was again turned to the quinone, m. p. 151—152°. 
Reduction by the procedure of Cook (Joc. cit.) gave a product which appeared to be a mixture of 
methylbenzanthracenes. With the quantities available no pure hydrocarbon could be isolated, 
but by fractional recrystallisation a product was obtained which we regard as impure 
6-methyl-1 : 2-benzanthracene, since re-oxidation gave a quinone, m. p. 158°, undepressed in 
admixture with a small proportion of 6-methyl-1 : 2-benzanthraquinone. Again, reductive 
acetylation of the quinone, m. p. 151—152°, gave a diacetate, m. p. 231—233°; the mixed 
m. p. of this product with 9 : 10-diacetoxy-6-methyl-1 : 2-benzanthracene (m. p. 248—250°) was 
236—238°, whereas a mixture with 9: 10-diacetoxy-7-methyl-1 : 2-benzanthracene (m. p. 
212—213°) softened at 193° and melted indefinitely at 195—202°. It is tentatively concluded 
that the material, m. p. 151—152°, is a mixture of 6- and 7-methyl-1 : 2-benzanthraquinone. 
An additional point in favour of this view is that-the coloration with sulphuric acid, given both 
by the quinone m. p. 139—140° and that of m. p. 151—152°, is intermediate between the olive- 
green of 6-methyl-1 : 2-benzanthraquinone and the orange-brown of 7-methyl-1 : 2-benzanthra- 
quinone, and corresponds with those given by artificially prepared mixtures of these compounds. 
It is impossible on present evidence to decide whether the keto-acid C,,H,,0;, m. p. 160—162°, 
has structure (II) or (VI), since either could yield the same two products if rearrangement 
occurs during the cyclisation process with sulphuric acid. 


EXPERIMENTAL. 


Reaction between N-Nitrosoaceto-2-naphthalide and 2-Methylnaphthalene.—(a) N-Nitrosoaceto-2- 
naphthalide (28 g. dry powder; Hey and Lawton, J., 1940, 374) was added in small amounts during 5} 
hours to 2-methylnaphthalene (500 g.) kept at 35° and well stirred. Stirring was continued for 1 hour, 
the red solution allowed to cool overnight, and excess of 2-methylnaphthalene (470 g.) removed by 
distillation in steam. The residual dark red tar was distilled in superheated steam at 190—200°. The 
first small fraction of red oil (mainly 2-methylnaphthalene) was rejected, and the remainder of the 
distillate collected as a viscous light brown oil which set to a resin (22 gs) on cooling. Its solution in 
ether was dried (Na,SO,) and the solvent removed. Slow crystallisation from acetone-light petroleum 
(b. p. 40—60°) gave some slightly oily solid (2-2 g., m. p. 82—85°). Recrystallisation from the same 
solvent yielded an obvious mixture (1-1 g.) (A), but concentration of the mother liquor gave a crystalline 
product (0-4 g.) which after 7 recrystallisations from methanol formed colourless prismatic plates of 
Awe ong a hyl, m. p. 121—122° (Found: C, 93-4; H, 6-5; M, 247. C,,Hy, requires C, 94-0; 
H, 6-0%; M, 268). No picrate was formed in alcoholic solution. 
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The mixture (A) (1-1 g.) was treated with picric acid in ethanol solution, and the picrate 
which separated as a mass of fine orange-yellow needles (0-5 g., m. p. 149—153° sintering at 135°) was 
recrystallised thrice from ethanol. It separated in orange plates, m. p. 152—154° (decomp.) (Found : 
N, 11-3. C,,H4.,2C,H,O,N, requires N, 11-5%). 

(6) A preparation in which N-nitrosoaceto-2-naphthalide (prepared from 30 g. of 2-acetonaphthalide) 
was added whilst moist (wt. of filter cake, 60 g.) to 2-methylnaphthalene (450 g.), kept at 35° with 
stirring, yielded the same crude resin (20 g.) after distillation in superheated steam as described under (a). 

Formation of Picrate from Crude Resin and Regeneration of Hydrocarbon.—The crude methyldinaphthyl 
resin (30 g.) obtained after distillation in superheated steam was dissolved in hot ethanol (450 c.c.), and 
picric acid (20 g.) in ethanol (150 c.c.) added. After several days the dark brown crystalline solid 
(7-7 g.) which separated was collected and recrystallised from ethanol. 2-Methyldinaphthyl picrate 
(4-5 g.) separated in golden orange plates, m. p. 152—154°, undepressed in admixture with the specimen 
previously obtained. 

The picrate (4-5 g.) was warmed with aqueous sodium hydroxide (2-5 g. in 150 c.c. water), cooled, and 
extracted with ether. The ethereal extract was washed with aqueous sodium hydroxide (1%) then 
water, and dried (Na,SO,). Removal of the solvent left a colourless crystalline solid (1-8 g.) which was 
twice recrystallised from ethyl acetate—-methanol (1: 1) and finally from ethyl acetate. The 2-methyl- 
dinaphthyl separated in small colourless plates, m. p. 185—145°. No sharp m. p. could be obtained by 
further recrystallisation (Found : C, 93-9; H, 6-1. Calc. for C,,H,,: C, 94:0; H, 60%). 

Oxidation of Reaction Product from 2-Methylnaphthalene and N-Nitrosoaceto-2-naphthalide.—The 
crude methyldinaphthyl mixture (29 g.) was dissolved in glacial acetic acid (300 c.c.) and the temperature 
adjusted to 50°. Chromic acid (33 g.) dissolved in water (22 c.c.) and acetic acid (110 c.c.) was added 
with vigorous stirring during 3 hours, the temperature of the mixture being kept at 50°. After a further 
30 minutes’ stirring, water (300 c.c.) and methanol (15 c.c.) were added, and the mixture left overnight. . 
The product was extracted with ether and the acid fraction separated by washing it with sodium 
carbonate solution, acidifying, and re-extracting. Evaporation of the dried ethereal extract gave a 
brown resin (6-0 g.). A portion of this resin (2-4 g.) was sublimed at 10“ mm. Two distinct sublimates 
were obtained: (I) m. p. 145—148° (0-25 g.); (II) m. p. 152—155° (0-5. g.). (I), recrystallised from 
benzene-light petroleum, yielded colourless plates, m. p. 180°, showing no depression in admixture with 
authentic 2-naphthoic acid (m. p. 181°). (II), recrystallised from benzene-light petroleum (3:1), gave 
colourless needles of the keto-acid, m. p. 160—162° (sintering at 155°), readily soluble in cold sodium 
carbonate solution and giving an intense olive-green colour with concentrated sulphuric acid (Found : 
C, 79-2; H,4-1. C, 9H,,0, requires C, 78-6; H, 4-8%). 

Acetoxy-lactone of Acid, m. p. 160—162°.—The acid (0-1 g., m. p. 160—162°) was heated on the 
steam-bath for 3 hours with pyridine (0-7 c.c.) and acetic anhydride (0-35 c.c.), and the mixture poured 
into water. An oil separated which solidified slowly. Recrystallised from methanol, the acetoxy-lactone 
oe in re prismatic needles, m. p. 129—130° (Found: C, 75-9; H, 4-4. C,,H,,O, requires 

, 75-9; H, 48%). 

Ring-closure of Acid Fraction of above Oxidation Product.—(a) The crude resinous acid fraction (6-0 g.) 
was heated on the steam-bath for 2} hours with sulphuric acid (40 c.c. of conc. diluted with 20 c.c. of 
water). The black tarry mass which resulted was poured into water, made alkaline by addition of solid 
sodium carbonate, and extracted with benzene. The benzene extract was washed, dried, and evaporated. 
The orange-brown solid residue (1-9 g.) was dissolved in warm benzene (20 c.c.), and light petroleum 
(10 c.c., b. p. 40—60°) added. A small amount of dark resin (0-1 g.) separated on cooling and was 
removed by filtration. The clear filtrate was passed through a column of activated aluminium oxide 
(1 cm. x 35 cm.) prepared by using benzene-light petroleum (b. p. 40—60°) (1:1). A band of brown 
impurity remained at the top of the column with a large yellow band below. The yellow band was 
eluted with benzene-light petroleum (100 c.c.) (1:1). Removal of the solvent left a yellow crystalline 
residue (1°4 g., m. p. 123—133°) which was dissolved in boiling methanol. On cooling, two distinct types 
of crystal separated—yellow plates and yellow needles. By re-warming, the latter were dissolved more 
rapidly than the former, and a separation was effected by decantation from the undissolved solid, which 
was then recrystallised from fresh methanol giving yellow plates, m. p. 151—152° (0-6 g.) (Found : 
C, 83-6; H, 4-2; M, 269. Calc. for C,,H,,0,: C, 83-8; H, 4-4%; M, 272). The product gave a dirty 
olive-green colour with concentrated sulphuric acid, and an anthraquinol colour reaction with zinc and 
aqueous sodium hydroxide. It was soluble in ether, acetic acid, benzene, and chloroform, and sparingly 
so in ethanol. 

A portion of the yellow substance, m. p. 151—152° (50 mg.), was reductively acetylated by heating it 
under reflux for 14 hours with acetic anhydride (5 c.c.), fused sodium acetate (30 mg.), and zinc dust 
(100 mg.). Two further additions of zinc dust (100 mg.) were made at hourly intervals. The still yellow 
solution was decomposed with water and extracted with ether. The diacetate obtained from the ethereal 
solution was repeatedly recrystallised from methanol. It separated in colourless prisms, m. p. 231—233°, 
= e 50%) fluorescence in alcoholic solution (Found: C, 76-5; H, 4-8. Calc. for C,;H,,0,: 

> °a> , 5-0 {9} + 

The decanted methanolic solution left after separating the quinone, m. p. 151—152°, deposited on 
cooling long felted yellow needles (m. p. 139—143°) which were more difficult to purify. After several 
recrystallisations from methanol, yellow needles (0-2 g.), m. p. 159—160°, were obtained (Found: C, 
83-7; H, 4-5; M, 287. Calc. for C,,H,,0,: C, 83-8; H, 44%; M,272). With concentrated sulphuric 
acid the compound gave an orange-brown colour, and with zinc and aqueous sodium hydroxide an 
anthraquinol colour reaction. 7-Methyl-1 : 2-benzanthraquinone (m. p. 167°) gave the same colour with 
sulphuric acid, and the mixed m. p. with this compound was 163—165°. 

The diacetate, prepared by reductive acetylation in the manner already described for the isomeric 
product, — from methanol in colourless needles, m. p. 201—202° (Found: C, 77-2; H, 5-0. Calc. 
for Cy3H,,0,: C, 77-1; H, 5-0%). A mixture of this product with 9: 10-diacetoxy-7-methyl-l : 2- 


benzanthracene (m. p. 212—213°) had m. a 208—210°. 
0- 


(6) The pure acid, m. p. 160—162° (0-1 g. isolated as above), was heated on the steam-bath for 
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23 hours with sulphuric acid (0-66 c.c. of conc., diluted with 0-33 c.c. of water). The cooled product was 
made alkaline with sodium carbonate and extracted with benzene. The neutral fraction (40 mg.) left 
as a yellow solid after removal of the solvent was dissolved in a little benzene and filtered through a 
column of activated aluminium oxide (0-6 cm. x 8cm.). The yellow band was washed through with a 
little benzene and the benzene solution evaporated. Fractional crystallisation of the yellow residue 
from methanol yielded yellow plates, m. p. 151—152°, and yellow needles, m. p. 159—160°, identical 
with the products obtained by ring-closure of the crude acid fraction [see (a) above]. 

Condensation of 4-Methylphthalic Anhydride with Naphthalene.—4-Methylphthalic acid, prepared by 
the method of Alder and Rickert (Amnalen, 1936, 524, 180), was converted into its anhydride by 
sublimation under reduced pressure at 200°; the overall yield calculated on acetylenedicarboxylic ester 
was 21%. 4-Methylphthalic anhydride (8-1 g.) and naphthalene (9-6 g.) were dissolved in warm carbon 
disulphide (80 c.c.), and the solution cooled to 0° in ice-salt with stirring. Some solid separated. 
Powdered anhydrous aluminium chloride (13-3 g.) was added during 10 minutes, and the mixture stirred 
at 0° for 1 hour. The temperature was allowed to rise to room temperature during 30 minutes, and the 
mixture then heated under reflux on the steam-bath for 4 hours. After standing overnight, the dark 
brown product was decomposed with ice (50 g.) and hydrochloric acid (50'c.c., d, 1-16). Carbon 
disulphide and excess of naphthalene were removed by steam distillation. Water was decanted from the 
solid residue which was washed and dissolved in hot sodium carbonate solution (150 c.c. of 10%), cooled, 
and filtered. Acidification yielded a sticky precipitate which was separated, dissolved in ether, and dried 
(Na,SO,). Removal of the ether gave an orange-brown resin (14 g.) which on crystallisation from 
benzene (30 c.c.) yielded almost colourless prisms (6-3 g.), m. p. 185—195° (sintering at 155—165°). By 
fractional crystallisation from ethyl acetate and then from benzene, two isomeric naphthoyltoluic acids 
were isolated. The first (l-naphthoyltoluic acid) arated from ethyl acetate in colourless prisms 
(1-8 g.), m. p. 211—213° (Found: C, 78-8; H, 4-8. CH 40; requires C, 78-6; H, 4-8%). The second 
acid crystallised from benzene in colourless needles (0-6 g.). m. p. 214—216° (Found: C, 78-7; H, 4-9. 
a C, 78-6; H, 4:8%).. Mixed with the acid, m. p. 211—213°, it melted indefinitely at 

—195°. 

In other experiments only the acid, m. p. 211—213°, was obtained. Heated on the steam-bath for 
3 hours with acetic anhydride and pyridine it gave an acetoxy-lactone crystallising from acetic acid— 
methanol in colourless needles, m. p. 173—174° (Found: C, 75-5; H, 5-1. C,,H,,O, requires C, 75-9; 
H, 48%). The pure acid regenerated from the acetoxy-lactone by hydrolysis with ethanolic potassium 
hydroxide had m. p. 211—213°. 

Alkali Fusion of Naphthoyltoluic Acid, m. p. 211—213°.—The acid (0-4 g.) was gradually stirred into 
molten potassium hydroxide (3 g.) at 260°, and the melt kept at 260—280° for 15 minutes, cooled, and 
extracted with water. The solution was acidified, and the precipitate collected, dried, and recrystallised 
first from benzene and then from aqueous acetic acid. The product formed colourless needles, m. p. 
159—160°, alone or in admixture with an authentic specimen of 1-naphthoic acid. 

Ring-closure of Naphthoyltoluic Acid, m. p. 211—213°.—The acid (0-85 g.) was heated to boiling point 
with sulphuric acid (12 c.c. concentrated acid, d, 1-84, diluted with 6 c.c. of water) and allowed to cool. 
The product was poured into water, and the yellow solid collected and washed thoroughly with water. 
Recrystallisation from methanol and then from ethyl acetate—methanol gave a yellow solid (0-45 g.) in 
clusters of very small needles, m. p. 139—140° (Found: C, 83-3; H, 4-6; M, 274. Calc. for C,,H,,O, : 
C, 83-8; H, 4.4%; M, 272). With concentrated sulphuric acid it gave a dirty olive-green colour. 
A depression of m. p. to 125° was observed in admixture with the quinone, m. p. 151—152°, obtained 
from the acid, m. p. 160—162° (see above). 

The same product, m. p. 139—140°, was obtained when cyclisation was effected in nitrobenzene 
solution with phosphoric oxide. 

Ring-closuve of Naphthoyltoluic Acid, m. p. 214—216°.—The acid, m. p. 214—216° (0-3 g.), was. 
heated on the steam-bath for 2 hours with sulphuric acid (4 c.c., d, 1°84, diluted with 2 c.c. of water). 
The product was — into water, and the ulent yellow solid collected and thoroughly washed. 
Recrystallisation from methanol gave 7-methyl-1 : 2-benzanthraquinone in felted yellow needles, m. p. 
164—165°, undepressed in admixture with an authentic specimen, m. p. 167°. It gave an orange-brown 
colour with sulphuric acid (Found : C, 83-9; H, 5-2. Calc. forC,,H,,0,: C, 83-8; H, 44%). 

Reduction of Quinone, m. p. 139—140°.—Aluminium powder (0-1 g.) was added gradually with 
constant stirring to a solution of the quinone (0-4 g.) in concentrated sulphuric acid (10 c.c.). After 
3 hours the solution was poured into ice—water, and the precipitate collected and refluxed with zinc dust 
(2 g.) and aqueous sodium hydroxide (25 c.c. of n) for a further 3 hours. The mixture was cooled, 
extracted with benzene, and the extract thoroughly washed with alkaline dithionite to remove any 
traces of quinone, and dried (Na,SO,). The benzene was removed, and the residue dissolved in light 
petroleum (b. p. 60—80°) and poured on a column of activated aluminium oxide (lcm. x 20cm.). An 
orange band of impurity formed at the top of the column with a broad lower band showing a strong blue 
fluorescence in ultra-violet light. The lower band was eluted by passing through the column light 
petroleum (b. p. 60—80°) to which increasing amounts of benzene were added, the column being finally 
washed with pure benzene. Three arbitrary fractions of eluate (each 50 c.c.) were collected and 
evaporated separately, and the solid residues fractionally recrystallised from benzene-light petroleum 
(1:4). In each case material which separated first formed colourless needles, m. p. 181—182° (Found : 


C, 93-8; H, 5-9. Calc. for CroFh ye : C, 94-2; H, 58%). That this product was 7-methyl-1 : 2-benz- 


anthracene (m. p. 182°) was co: ed by oxidation with chromic acid to 7-methyl-1 : 2-benzanthra- 
quinone, m. p. 165—167°, showing no depression in m. p. when mixed with an authentic specimen. No. 
other homogeneous hydrocarbon could be isolated from the crystallisation mother liquors. 

Reduction of Quinone, m. p. 151—152°.—The quinone (0-6 g.) was reduced first with aluminium in 
sulphuric acid and then with zinc dust and sodium hydroxide as described above for the product, m. p. 
139—140°. The colourless product obtained on evaporating the eluate from the chromatogram behaved 
like a mixture of methylbenzanthracenes, giving with concentrated sulphuric acid a carmine-red solution, 
which turned purple and finally blue on standing (cf. Cook, J., 1932, 464). Recrystallisation of this. 





42 Lambert, Rose, and Weedon: 


product first from benzene-light petroleum (b. p. 60—80°) and then from glacial acetic acid gave a small 
amount of a substance forming colourless plates, m. p. 150—151°. Oxidation of the substance (10 mg.) 
with chromic acid in acetic acid and recrystallisation from ethyl acetate-methanol gave a quinone, 
m. p. 158°; admixture with a small amount of 6-methyl-1 : 2-benzanthraquinone (m. p. 174°) caused no 
depression in m. p. It is therefore suggested that the reduction product, m. p. 150—155°, is impure 
6-methyl-1 : 2-benzanthracene. 

9 : 10-Diacetoxy-6-methyl-1 : 2-benzanthracene.—This compound, prepared by reductive acetylation of 
6-methyl-1 : 2-benzanthraquinone (20 mg.) with acetic anhydride, fused sodium acetate, and zinc dust, 
and recrystallised from acetic acid, formed colourless needles, m. p. 248—250° (Found: C, 76-6; H, 5-2. 
C,3;H,,0, requires C, 77:1; H, 5-0%). 

9 : 10-Diacetoxy-7-methyl-1 : 2-benzanthracene.—Prepared in the same way from 7-methyl-! : 2- 
benzanthraquinone and recrystallised from acetic acid, this compound formed colourless needles, m. p. 
212—213° (Found : C, 77-3; H, 5-1. C,;H,,0, requires C, 77-1; H, 5-0%). 


We are indebted to Prof. J. W. Cook for samples of 6- and 7-methyl-1 : 2-benzanthraquinones and for 
helpful discussions of the problems encountered. The work described was initiated in the University of 
Manchester, and we record our thanks to Messrs. I.C.I. Ltd. (Dyestuffs Division) for a grant held by one 
te us (G. S.). We also thank the University of South Africa for the award of a Scholarship 
to D. E. A. R.). 
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9. Aliphatic Nitro-compounds. Part XIX. Friedel-Crafts Reactions 
with a- and £-Nitro-olefins. 
By A. LaMBERT, J. D. Rosz, and B. C. L. WEEDON. 


1-Nitro-2-methylprop-2-ene (I) and benzene or toluene give a 1-nitro-2-aryl-2-methyl- 
propane. 1-Nitro-2-methylprop-l-ene (II) and toluene in the presence of boron trifluoride 
give a-p-tolylisobutyrohydroxamic acid together with a little 1-nitro-2-p-tolyl-2-methylpropane. 
Benzene and (II) with aluminium chloride give af-dichloroisobutyraldoxime, and phenyliso- 
butyrohydroxamyl chloride; the latter is converted into 1-phenylisopropyl isocyanate with cold 
sodium hydrogen carbonate solution. In the presence of aluminium chloride, 1-nitropropan-2-ol 
and benzene give benzaldoxime and 1: 1-diphenylethane, whilst nitromethane and benzene 
give benzaldoxime and benzaldehyde anil. 


Reactions of the nitro-paraffins and nitro-olefins have formed the subject of previous papers 
in this series (see J., 1947, 1471—1519), but most of the nitro-olefin reactions have been carried 
out under alkaline conditions; the object of the present work was to investigate the hitherto 
unknown use of a- and (-nitro-olefins in the Friedel-Crafts reaction with aromatic hydrocarbons. 

Reactions of aromatic hydrocarbons with the fy-unsaturated 1-nitro-2-methylprop-2-ene 
(I) were normal. With aluminium chloride as catalyst, this nitro-olefin and benzene gave a 
56% yield of 1-nitro-2-phenyl-2-methylpropane (III; Ar = Ph) which was reduced catalytically 
to the amine, the identity of which was established by comparison with a specimen prepared 
unambiguously from 1-nitro-2-methylprop-l-ene (II) and phenylmagnesium bromide (cf. 
Buckley and Ellery, J., 1947, 1497), followed by reduction of the product (III) to the amine (IV). 


(I.) CH,iCMe-CHyNO,__ 4H 


=> Ar-CMe,*CH,°NO, -_——> Ar-CMe,°CH,°NH, 


arMeBr 
(II.) CMe,:CH-NO, —— (III.) (IV.) 


Similarly, toluene and 1-nitro-2-methylprop-2-ene in the presence of boron trifluoride gave 
1-nitro-2-p-tolyl-2-methwpropane (III; Ar = p-Me*C,H,) which on catalytic hydrogenation gave 
the corresponding amine (IV; Ar = p-Me’C,H,). 

Reactions with the «$-unsaturated. 1-nitro-2-methylprop-l-ene (II) were more complex. 
With toluene in the presence of boron trifluoride, a mixture of products containing 1-nitro-2-p- 
tolyl-2-methylpropane (III; Ar = p-Me°C,H,), a small amount of an unidentified solid 
(C,,H,,ON), and a 22% yield of a-p-tolylisobutyrohydroxamic acid (V) was obtained. The latter 
was probably formed by 1: 4-addition to the nitro-olefin to give the aci-nitro-compound (VI) 
followed by a rearrangement. 1: 2-Addition, or an alternative rearrangement of (VI), would 
explain the formation of (III; Ar = p-Me°C,H,). ; 

Hydrogenation of (V) gave a-p-tolylisobutyroamide (VII), and hydrolysis of either (V) or (VII) 
gave a-p-tolylisobutyric acid (VIII). The structures of (VII) and (VIII) were confirmed (a) by 
oxidation with permanganate to aa-dimethylhomoterephthalic acid (IX), and by further oxidation 
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of (IX) with chromic acid to terephthalic acid, and (6) by independent and unambiguous 
synthesis. The structure of the acid previously described in the literature as a-p-tolylisobutyric 


p-Me-C,H, + (Il) —-> p-Me-C,H,-CMe,-CH:NO‘OH —> p-Me-C,H,-CMe,CO-NH-OH 


(VI.) | | (V.) 
HCl H,-Ni 


C,H, (CO,H),(p) <— p-CO,H-C,H,-CMe,*CO,H <— p-Me-C,H,-CMe,CO,H => p-Me-C,H,CMe,-CO-NH, 
(IX.) (VIII.) (VIL.) 


acid is now shown to be wrong; it was prepared by Wallach (Nachr. Ges. Wiss. Géttingen, 
1899, 2, 4; Chem. Zentr., 1899, II, 1047) who gave m. p. 72° for the acid (VIII) and m. p. 123— 
124° for the amide (VII). The preparation was later repeated by Rupe and Burgin (Ber., 1911, 
44, 1222) who gave m. p. 70—71° and 119° for the acid and amide respectively. Further, the 
nitrile prepared by Wallach (loc. cit.) by dehydration of the amide cannot be «-p-tolyliso- 
butyronitrile as described, although its constants are very close to those of the authentic nitrile. 
An independent synthesis has now been carried out by methylation of p-tolylacetonitrile with 
methyl iodide and sodamide in liquid ammonia; the resulting «-p-folylisobutyronitrile on 
hydrolysis with alcoholic potassium hydroxide gave in high yield a mixture of the amide, m. p. 
142°, and the acid, m. p. 82°, identical with those obtained from toluene and 1-nitro-2-methy]l- 
prop-l-ene via a-p-tolylisobutyrohydroxamic acid. Rupe and Burgin’s experiment was also 
repeated, and the acid, m. p. 68—70°, obtained in very low yield by interaction of toluene and 
ethyl a-bromoisobutyrate, has been shown to depress the m. p. of «-p-tolylisobutyric acid 
(m. p. 82°) to 45—50°. The structures of Wallach’s and Rupe and Burgin’s compounds are not 
clear, although from a comparison of the constants it appears plain that the substances handled, 
at least by Rupe and Burgin, were not pure. It is possible that both these products were 
impure 8-p-tolylisobutyric acid formed by dehydrobromination of the ethyl «-bromoisobutyrate 
and addition of the toluene to the ethylenic linkage of the resulting ethyl a-methylacrylate. 
This is supported by Rupe and Burgin’s statement that oxidation of their acid with permanganate 
gave a good yield of terephthalic acid; we find that, in agreement with the known resistance to 
oxidation of gem-dimethyl groups attached to aromatic nuclei (Smith and Prichard, J. Amer. 
Chem. Soc., 1940, 62, 771; Bogert and Davidson, ibid., 1934, 56, 189; Nazarov and Kuznetsova, 
Bull. Acad. Sci. U.R.S.S., 1941, 431; cf. Chem. Abs., 1942, 836, 1296), terephthalic acid could not 
be obtained directly from (VIII) by treatment with permanganate. 

Attempts to cause 1-nitro-2-methylprop-l-ene (II) to react with benzene in the presence 
of boron trifluoride gave no hydroxamic acid and only very poor yields of products from which 
a small amount of unidentified solid (C,gH,,ON) was isolated. With aluminium chloride as 
catalyst, however, reaction occurred readily giving a mixture of af-dichloroisobutyraldoxime (X) 
(identified by hydrolysis to a-hydroxyisobutyric acid) and a-phenylisobutyrohydroxamyl chloride 
(XI). The former, presumably formed initially by the addition to the nitro-olefin of traces of 
hydrogen chloride present in the mixture (cf. Heath and Rose, J., 1947, 1485), condenses with 
the benzene and gives (XI), generating more hydrogen chloride for further reaction. 


HCl H,O 
(II) ——> CMe,Cl-CCIIN-OH ——> CMe,(OH)-CO,H 


(X.) 
aa 
CPhMe,-CCI:N-OH = CPhMe,:NCO = (CPhMe,NH),CO 
(XI. | (XII.) III.) 
Ph-NH, H-Ni- | R-NH, 


CPhMe,C(NHPh):N-OH § (CPhMe,-NHMe) CPhMe,-NH-CO-NHR 
(XVIL.) (XV.) (XIV.) 


CPhMe,"NMe-CO-NH:CPhMe, (XVI.) 


Treatment of the hydroxamy] chloride (XI) with sodium hydrogen carbonate solution gave, 
by loss of hydrogen chloride, «a-phenylisopropyl isocyanate (XII) which under more drastic 
conditions was converted into NN’-di-(a-phenylisopropyl)urea (XIII). With ethereal ammonia 
or aniline, the isocyanate (XII) readily gave the corresponding mono- and di-substituted ureas 
(XIV; R=Hor Ph). Catalytic hydrogenation of (XII) gave the trisubstituted urea (XVI), 
presumably by reaction of the isocyanate with the secondary amine (XV) formed initially. 
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, Since aliphatic alcohols have frequently been employed in Friedel-Crafts alkylations of aryl 
compounds, it was hoped that similar use of the readily available nitro-alcohols would provide a 
convenient means of preparing nitro-alkylated derivatives of aromatic hydrocarbons. Treat- 
ment of benzene with 1-nitro-2-propanol (XVIII) in the presence of aluminium chloride gave a 
mixture of benzaldoxime and 1: 1-diphenylethane. This surprising result may be explained by 
assuming an initial dissociation of (X VIII) into nitromethane and acetaldehyde, and subsequent 
reaction as shown below. 


CH,(NO,)*CHMe‘OH —»> CH,'NO, + Me-CHO —, CHPh,Me 
(XVIIL) = 


C,H, 
CH,:NO‘OH ——> Ph’CH:N-OH — > CH‘Ph:-NPh 


Confirmation of this hypothesis was obtained by condensing nitromethane with benzene in 
the presence of aluminium chloride, when both benzaldoxime and benzaldehyde anil were formed. 
This reaction of nitromethane with benzene is also of interest in view of recent patents (Universal 
Oil Products Co., U.S.PP. 2,385,303, 2,393,818) which describe the use of nitro-paraffins as 
solvents for Friedel-Crafts reactions. 


EXPERIMENTAL. 
Analyses are by Mr. E. S. Morton. All m. p.s are uncorrected. 

1-Nitro-2-phenyl-2-methylpropane (III; Ar = Ph).—(a) 1-Nitro-2-methylprop-2-ene (10 g.; Levy, 
Scaife, and Wilder-Smith, J., 1948, 52) was added during 15 minutes to a well-stirred suspension of 
aluminium chloride (16 g.) in benzene (50 c.c.) at 30°. After being stirred at 30—40° for 1 hour, the 
mixture was cooled and poured on a mixture of concentrated hydrochloric acid and ice. The benzene 
layer was washed with sodium hydrogen carbonate solution, dried, and distilled, giving 1-nitro-2-phenyl- 
2-methylpropane (9- « g.), b. p. 67—70°/0-1 mm., 3° 1- 5235 (Found : C, 67-0; H, 7°5. C,H,,0,N 
requires C, 67-0; 73%). 

(b) A solution of phenylmagnesium bromide (from 9-6 g. magnesium) in ether (300 c.c.) was added 
during 1-5 hours to a well-stirred solution of 1-nitro-2-methylprop-l-ene (40 g.) in water (300 c.c.) at 
—5°to0°. The mixture was refluxed gently for 0-5 hour and cooled, and the complex decomposed by the 
gradual addition of acetic acid (24 g.) in water (160c.c.). Isolation of the product gave 1-nitro-2-phenyl- 
2-methylpropane (13 g.), b. p. 74—80° (mainly 76—78°) /0-16 mm. ; 

1-A mino-2-phenyl-2-methylpropane (IV; Ar = Ph).—A solution of 1-nitro-2-phenyl-2-methylpropane 
[4 g. from (a) above] in methyl alcohol (50 c.c.) was hydrogenated at ordinary temperature and pressure 
with Raney nickel as catalyst. After filtration, the solution was acidified and evaporated to dryness. 
Excess of 2-5N-sodium hydroxide solution was added to the residue, and the precipitated oil extracted 
with ether. Evaporation of the ethereal solution and distillation of the residue gave 2-phenyl-2-methyl- 
propylamine a 5 nA ) as a colourless liquid, b. p. 96—98°/14 mm. (Found : equiv., 152. C,)9H,,N requires 
equiv., 149). Par formed yellow needles, m. p. 160°, from aqueous methanol (Found: C, 50-8; 
H, 4:8. CHAN 6H,O,N;, requires C, 50-8 ; H, 48%). 2- “Phenyl- -methylpropylurea, from l-amino- 
2- -phenyl-2- methylpropane and nitrourea, formed colourless needles from water, m. p. 144° (Wallach, 
loc. cit., gives m. p. 141—142°). Similar reduction of a sample of 1-nitro-2-phenyl-2-methylpropane 
from (b) above gave the same amine, identified by comparison of the derived picrate and urea. 

1-Nitro-2-p-tolyl-2-methylpropane (III1; Ar = p-Me’C,H,).—A solution of 1-nitro-2-methylprop-2-ene 
(10 g.) in toluene (100 c.c.) was saturated with boron trifluoride. After being kept at room temperature 
overnight, the mixture was heated for 1 hour at 70—80°, cooled, washed with water, and distilled, giving 
1-nitro-2-p- ~ att re 6 ges (5 g.) as a pale yellow oil, b. p. 145—150°/13 mm., 85—90°/0-05 mm., 
nj” 1-5258 (Found: N, 7-2. C,,H,,0,N requires N, 7- 3%). The nitro-compound (0- -4 g.) was oxidised 
by boiling it under reflux with aqueous potassium permanganate (3 g. in 25 c.c.) for 4 hours. After 
treatment with sodium hydrogen sulphite and hydrochloric acid, a white acid (0-3 g.) was collected which 
crystallised from aqueous alcohol in shining plates, m. p. 236—237°, undepressed by admixture with 
authentic dimethylhomoterephthalic acid (IX; see later). 

2-p-Tolyl-2-methylpropylamine (IV; Ar = p-Me’C,H,).—Hydrogenation of a solution of 1-nitro-2-p- 
tolyl-2-methylpropane (3-6 g.) in methyl alcohol (50 c.c.) at ordinary temperature and pressure with 
Raney nickel as catalyst gave p-tolyl-2-methylpropylamine (2-5 g.) as a colourless liquid, b. p. 134°/32 mm., 
111-5—115°/10 mm., n}#}* 1-5231 (Found : equiv., 164-9. C,,H,,N requires ya 163). The picrate 
formed yellow needles, m. p. 211—213°, from aqueous methy] alcohol (Found : 51-9; H, 5-0; N, 14-6. 
C,,H,,N,C,H,O,N;, requires C, 52-0; H, 5-1; N, 14 2%). 

a-p-T olylisobutyrohydroxamic Acid (V). —A solution of 1-nitro-2-methylprop-l-ene (20 g:) in toluene 
(100 c.c.) was saturated with boron trifluoride at 50°. Excess of boron trifluoride was removed by blowing 
air through the solution and by washing with water. a-p-Tolylisobutyrohydroxamic acid (8-5 g.) separated 
from the toluene layer, and when crystallised from benzene formed colourless fibrous needles, m. p. 157° 
(Found: C, 68-6; H, 7-9; N, 7-3. C,,H,,0,N requires C, 68-4; H, 7-8; N, 7-3%). The hydroxamic 
acid was soluble in dilute sodium hydroxide, ‘but not in sodium hydrogen carbonate, gave a deep red-violet 
colour with aqueous ferric chloride, and reduced ammoniacal silver nitrate solution. Evaporation of 
the toluene solution and distillation of the residue gave (i) 1-nitro-2-p-tolyl-2-methylpropane (6-0 g.), 
b. p. 90—96°/0-16 mm. (Found: N, 7-3. Calc. for C,,H,,0,N: N, 7-3%), which on catalytic reduction 
gave an amine, the picrate of which had m. p. and mixed m. with a specimen prepared as described 
above, 211—213°, and (ii) a small amount of a unidentified so. id which formed colourless leaflets, m. p. 
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132—134°, from light petroleum (b. p. 60—80°) (Found: C, 75-5; H, 7-6. C,,H,,;ON requires C, 75-4; 
H, 7°5%. 

pinks, olylisobutyramide (VII).—Catalytic reduction (Raney nickel) of a-p-tolylisobutyrohydroxamic 
acid (0-9 g.) in methanol at ordinary temperature and pressure gave a-p-tolylisobutyramide which crystal- 
lised from benzene in colourless plates (0-5 g.), m. p. 143—144° (Found: C, 74-4; H, 8-1; N, 8-3. 
C,,H,,ON requires C, 74-6; H, 8-5; N, 7-°9%) (Rupe and Burgin, Joc. cit., give m. p. 119°; Wallach, 
loc. cit., gives m. p. 123—124°). 

a-p-Tolylisobutyric Acid (VIII).—(a) a-p-Tolylisobutyramide (0-2 g.) and dilute sodium hydroxide 
(15 c.c.; 2N) were heated under reflux until homogeneous (10 hour). The solution was cooled and 
acidified with hydrochloric acid, and the precipitate obtained was crystallised from light petroleum 
(b. p. 40—60°), giving a ee ge acid (0-17 g.) as colourless prisms, m. p. 82° (Found: C, 74-2; 
H, 7-9; equiv., 177-4. C,,H,,O, requires C, 74-2; H, 7:9%; equiv., 178) a and Burgin, Joc. 
cit.,give m. p. 70—71°; Wallach, loc. cit., givesm. p. 72°). (b) a-p-Tolylisobutyrohydroxamic acid (0-5 g.) 
and dilute hydrochloric acid (15 c.c.; 2N) were refluxed for 0-5 hour. After cooling, the product was 
crystallised from light petroleum (b. p. 40—60°), giving a-p-tolylisobutryic acid, m. p. and mixed m. p. 
with the specimen described above, 82° (amide, m. p. and mixed m. p. 143—144°). 

a-p-Tolylisobutyronitrile-—Anhydrous liquid ammonia (1-5 1.) was stirred at —35° with exclusion of 
moisture, and ferric nitrate hexahydrate (0-2 g.) added. Sodium (36 g.) cut in thin slices was added as 
rapidly as possible to maintain a steady evolution of hydrogen, the temperature being kept at —35° to 
—33°. When the blue colour of dissolved sodium had changed to the grey of sodamide, p-tolylacetonitrile 
(98 g.; Atkinson and Thorpe, J., 1907, 91, 1699) was added dropwise during 10 minutes, and the solution 
stirred for a further 30 minutes. Methyl iodide (213 g.) was then added dropwise during 1 hour, the 
solution stirred for 3 hours, anhydrous ether (400 c.c.; previously cooled to —30°) added, and the whole 
stirred without external cooling for 15 hours, by which time most of the ammonia had evaporated. The 
mixture was decomposed with iced water (500 c.c.), the product isolated with ether, and. the ethereal 
solution washed successively with water, N-hydrochloric acid and water, dried, and fractionated through 
a 6-inch column packed with ‘“‘ Monel” metal gauze spirals. The nitrile (50 g.; 42%) had b. p. 
122—123°/12 mm., 246°/763 mm., 3?" 1-5106, a3) 0-9661 (Wallach, Joc. cit., gives b. p. 247—248°, 
d*** 0-955, mp 1-5057) (Found: C, 82-9; H, 8-0; N, 8-9. C,,H,,N requires C, 83-0; H, 8-2; N, 8-8%). 

The nitrile (8-8 g.) was boiled under reflux for 74 hours with a solution of potassium hydroxide (10 g.) 
in alcohol (50 c.c.). There was only slight evolution of ammonia. The cooled solution was poured into 
water (150 c.c.), and the precipita’ solid (8-2 g.) isolated with ether. Crystallisation from light 
petroleum (b. p. 80—100°) and from light petroleum—benzene gave a-p-tolylisobu mide as lustrous, 
—, plates, m. p. 142°, undepressed on admixture with the sample obtained by reduction of the 

ydroxamic acid. 

The aqueous alkaline mother liquor was acidified with hydrochloric acid, and the precipitated oil 
extracted with ether. Evaporation gave an oil (1-05 g.) which rapidly crystallised, and after 2 recrystal- 
lisations from light petroleum (b. p. 40—60°) formed colourless prisms, m. p. 82°, not depressed by 
admixture with the sample prepared above by hydrolysis of a-p-tolylisobutyrohydroxamic acid. 

Dimethythomoterephthalic Acid (IX).—A solution of a-p-tolylisobutyric acid (4 g.) in aqueous sodium 
carbonate (40 c.c. of 5%) was refluxed gently, with stirring, and an aqueous solution of potassium 
permanganate (240 c.c. of 4%) added during 1 hour. After refluxing for a further 2 hours, the mixture 
was cooled and treated with excess of sulphur dioxide. The precipitate was collected and crystallised 
from aqueous methanol, giving aa-dimethyl. terephthalic acid (4 g.) as colourless plates, m. p. 236—237° 
(Found: C, 63-3; H, 5-6; equiv. 102-5. C,,H,,O, requires C, 63-4; H, 58%; equiv., 104). 

Terephthalic Acid.—Dimethylhomoterephthalic acid (0-8 g.) was added to a solution of chromium 
trioxide in a mixture of water (5 c.c.) and acetic acid (20 c.c.). After being heated on the steam-bath 
for 4 hours, the mixture was cooled and diluted with water, and the precipitated terephthalic acid (0-4 g.) 
filtered off and washed thoroughly with boiling water; the dimethyl ester had m. p. and mixed m. p. 
with an authentic specimen, 141—142°. 

Repetition of Rupe and Burgin’s Experiment.—Freshly distilled aluminium bromide (40 g.) was 
dissolved in sodium-dried toluene (160 g.), a few drops of ethyl a-bromoisobutyrate added, and the 
mixture warmed on the steam-bath to start the reaction. Ethyl a-bromoisobutyrate (40 g.) was then 
added dropwise during 30 minutes, and the mixture refluxed for 5 hours; the evolution of hydrobromic 
acid had then diminished considerably. The cooled solution was cautiously treated with ice, and the 
toluene layer separated and boiled under reflux with concentrated hydrochloric acid (200 c.c.) for 4 hours. 
The toluene layer, after being washed with water, was shaken mechanically with aqueous ammonia 
(26 c.c. of d 0-88 diluted to 200 c.c.) for 1 hour, and the ammonia solution separated, concentrated to half 
its original volume, acidified with concentrated hydrochloric acid, and extracted withether. Evaporation 
of the ethereal solution yielded an oil, which on distillation gave two fractions: (a) b. p. 110—120°/12 
mm., solidifying on cooling to a crystalline mass (1-5 g.), and (b) b. p. 160—170°/12 mm., a yellow oil 
with a slight blue fluorescence (2 g.). 

Fraction (a) was recognised as a-hydroxyisobutyric acid, m. p. 79—80° alone and in admixture with 
an authentic specimen. Fraction (b) on cooling deposited a small amount of crystalline material. This 
fraction was suspended in water, neutralised to phenolphthalein with 2N-sodium hydroxide, and treated 
with a solution of strontium nitrate (2-5 g.) in water (10 c.c.). The precipitated strontium salt was 
collected, pressed dry, and recrystallised from 50% aqueous alcohol, from which it separated slowly as 
clusters of needles. The salt was collected after 34 hours, suspended in water, and decomposed with 
2n-hydrochloric acid. The "a cae semi-solid was collected i 


in ether and distilled (b. p. 165—170°/ 
10 mm.) as a clear oil (0-5 g 


dilution with light petroleum (b. p. 40—60°) and cooling to —30°, 
c separated which were rapidly collected Se repeatedly lised from light petroleum (b. p. 
40—60°). When no further purification could be effected because of shortage of material, the acid had 
m. p. 68—70°, and was clearly impure. In admixture with authentic a-p-tolylisobutyric acid, the m. p. 
was ry cern to 45—50°. 


aB-Dichloroisobutyraldoxime (X) and a-Phenylisobutyrohydroxamyl Chloride (X1).—1-Nitro-2-methyl- 
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prop-l-ene (60 g.) was added during 1 hour to a well-stirred suspension of aluminium chloride (80 g.) in 
benzene (300 c.c.) at 40°. After being stirred for a further hour at 40°, the mixture was cooled, poured 
into a mixture of concentrated hydrochloric acid (30 c.c.) and ice, and extracted with benzene. After 
removal of the benzene, distillation of the residue gave: (i) af-dichloroisobutyraldoxime (25 g.), b. p. 
81—85°/14 mm., 7?" 1-4922 (cf. Heath and Rose, Joc. cit.) (Found: N, 9-1. C,H,ONCI requires N, 9.0%), 
which was hydrolysed by boiling water to a-hydroxyisobutyric acid, m. p. and mixed m. p. with an 
authentic specimen 78—79°, and (ii) a high-boiling oil which could not be distilled owing to decomposition 
but which, on crystallisation from light petroleum (b. p. 40—60°), gave a-phenylisobutyrohydroxamyl 
chloride (22 g.) as colourless plates, m. p. 73—74° (Found: C, 60-6;°H, 5-8; N, 7-3. C,H,,ONCI1 
requires C, 60-7; H, 6-1; N, 7-1%). With an aqueous alcoholic solution of ferric chloride at room 
temperature the latter was slowly hydrolysed and developed the intense red-violet colour characteristic 
of hydroxamic acids. 

a-Phenylisobutyrohydroxamanilide (XVII).—A solution of a-phenylisobutyrohydroxamyl chloride 
(0-5 g.) and aniline (0-3 g.) in alcohol (6 c.c.) was kept at room temperature for 16 hours. The solid 
which separated was crystallised from alcohol, giving a-phenylisobutyrohydroxamanilide as colourless 
needles, m. p. 171—172° (Found: C, 75:7; H, 7:1; N, 11-1. C,gH,,ON, requires C, 75-6; H, 7-1; N, 
11-0%). 

=~ Pienyliaopropel isoCyanate (XII).—a-Phenylisobutyrohydroxamyl] chloride (5 g.) was added to a 
solution of sodium hydrogen carbonate (2-1 g.) in water (100 c.c.), and the mixture shaken until there 
was no further evolution of gas (0-5 hour). Extraction with ether gave a-phenylisopropyl isocyanate 
(2 g.) as a colourless liquid, b. p. 50—52°/0-16 mm., n?* 1-5038 (Found: C, 74:7; H, 6-9. C,.H,,ON 
requires C, 74-5; H, 6-9%). The urea, formed with ethereal ammonia, had m. p. 191° (Brander, Rec. 
Trav. chim., 1917, 37, 90, gives m. p. 191° (decomp.)]. 

N-Phenyl-N’-a-phenylisopropylurea was prepared from the isocyanate (0-2 g.) and aniline (0-12 g.) . 
in ether. The precipitate was crystallised from aqueous alcohol giving colourless needles (0-25 g.), m. p. 
193—194° (Found: C, 75-6; H, 7:3; N, 10-9. 19H,,ON, requires C, 75-6; H, 7-2; N, 11-0%). 

NN’-Di-a-phenylisopropylurea (XIII).—a-Phenylisopropyl isocyanate (0-6 g.) was added to a solution 
of sodium hydrogen carbonate (0-8 g.) in water (15 c.c.) and the mixture refluxed for 3 hours. The 
resulting solid was filtered off and crystallised from alcohol to give Dae ee (0-4 g.) 
as colourless Ti m. p. 226—227° (Found: C, 76-7; H, 8-3; N, 9-5. C,,H,,ON, requires C, 77-0; 
H, 8-2; N, 95%). 

N-Methyl-NN’-di-(a-phenylisopropyl)urea (XVI).—Hydrogenation of a-phenylisopropyl isocyanate 
(4 g.) in methyl alcohol (40 c.c.) over Raney nickel at ordinary temperature and pressure gave N-methyl- 
NN’-di-(a-phenylisopropyl)urea (1-6 g.) as colourless needles, m. p. 171—172°, from aqueous methanol 
(Found: C, 77-4; H, 8:8; N, 8-9. C9H,,ON, requires C, 77-4; H, 8-5; N, 9-0%). 

Reaction between 1-Nitro-2-propanol and Benzene.—1-Nitro-2-propano]l (50 g.) was added during 
0-5 hour to a well-stirred suspension of aluminium chloride (190 g.) in benzene (210 c.c.). The mixture 
was refluxed gently for 4 hours and set aside overnight. Decomposition of the complex and isolation of 
the product gave a mixture of (i) benzaldoxime (23 g.), b. p. 130°/30 mm., the identity of which was 
proved by (a) formation of benzaldehyde 2 : 4-dinitrophenylhydrazone, m. p. and mixed m. p. with an 
authentic specimen 234°, on treatment with a methanolic solution of 2: 4-dinitrophenylhydrazine 
sulphate, (b) formation of hydroxylamine hydrochloride on hydrolysis with concentrated (1:1) hydro- 
chloric acid, and (c) formation on hydrogenation (Raney nickel) in methanol solution of benzylamine 
(picrate, m. p. and mixed m. p. with an authentic specimen 195—197°) and dibenzylamine, the 
hydrochloride of which crystallised as colourless leaflets from alcohol, m. p. 260—261° (decomp.) (Found : 
C, 71-8; H, 6-9; N,6-0; Cl, 15-6. Calc. forC,,H,,NCl: C, 71-9; H, 6-9; N, 6-0; Cl, 15-2%) (Limpricht, 
Annalen, 1867, 144, 314, gives m. p. 256°), and (ii) 1 : 1-Diphenylethane (9-0 g.), b. p. 68—71°/0-12 mm., 
n?° 1-5768 (Boeseken and Bastet, Rec. Trav. chim., 1913, 82, 1892, give b. p. 136°/12 mm., 20” 1-5761) 
which on oxidation with chromic acid in acetic acid at 100° gave benzophenone (2 : 4-dinitrophenyl- 
hydrazone, m. p. and mixed m. p. with an authentic specimen 232°) in 55% yield. 

Reaction between Nitromethane and Benzene.—A well-stirred suspension of aluminium chloride (134 g.) 
in benzene (100 c.c.) and nitromethane (20 g.) was refluxed gently for 4 hours and set aside overnight. 
Decomposition of the complex and isolation gave (i) benzaldoxime (4 g.) and (ii) a mixture, b. p. 130— 
170°/1 mm. (6 g.), which readily gave benzaldehyde 2 : 4-dinitrophenylhydrazone on addition of 2 : 4-di- 
nitrophenylhydrazine sulphate in methanol, and on being heated with dilute (1: 1) hydrochloric acid 
gave aniline (as its hydrochloride) in ca. 30% yield. 


IMPERIAL CHEMICAL INDUSTRIES LTD., RESEARCH LABORATORIES, 
HEXAGON HousE, BLACKLEY, MANCHESTER, 9. [Received, March 25th, 1948.]} 


. 





10. Alkenesulphonic Acids: Preparation and Reactions. 


By A. LaMBERT and J. D. Rose. 


Treatment of both #i- and iso-propyl alcohol with 65% oleum followed by alkali gives 
prop-l-ene-l-sulphonic acid, also prepared by interaction of sodium 2-hydroxypropane-l- 
sulphonate (from ng oxide and sodium hydrogen sulphite) with phosphorus penta- 
chloride, followed by treatment of the product with alkali. Prop-l-ene-2-sulphonic acid is 
obtained from “‘ acetone bisulphite ’’ and thionyl chloride—pyridine, followed by heating with 
alkali. Addition reactions of the unsaturated linkage of alkenesulphonic acids are described, 
including addition of ammonia, piperidine, nitromethane, and ethyl malonate, and Diels— 
Alder reaction with cyclopentadiene. 
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ALTHOUGH ethylenesulphonic acid has been known since 1897 (Kohler, Amer. Chem. J., 1897, 
19, 728; 1898, 20, 680; 1899, 21, 353), higher homologues do not appear to have been described, 
and the chemistry of the alkenesulphonic acids has not been extensively investigated. 

Arising from other work in these laboratories, an interest in 2-aminoalkanesulphonic acids 
prompted an investigation into the addition reactions of ethylenesulphonic acid and its esters, 
and an extension of the work into the field of the propenesulphonic acids and higher homologues. 

Ethylenesulphonic acid was prepared by hydrolysis of ethane-1 : 2-disulphonyl chloride 
(Kohler, ibid., 1897, 19, 734) by the method of Alderman and Hanford (U.S.P. 2,348,705). 

Prop-\-ene-1-sulphonic acid (III) was obtained by treatment of both m- and iso-propyl 
alcohol with 65% oleum, followed by interaction of the resulting 1-sulphopropyl-2-sulphate (II) 
with alkali. The formation of the same propenesulphonic acid from both the normal and 
the iso-alcohol indicates that the intermediate in each case is propylene, to which sulphuric acid 
adds giving isopropyl sulphate (I) which is then sulphonated on the 6-carbon atom. 


CH,‘CH,-CH,-OH 
fk CH,-CH:CH, —> CH,-CH(0-SO,H)-CH, —> CH,-CH(0-SO,H)-CH,SO,H 
(1.) | (IL.) 


(CH,),CH-OH 


CH,CH:CH-SO,H 
(III.) 
An attempt to synthesise the isomeric prop-1-ene-2-sulphonic acid (as IV) by interaction of 
propylene oxide and sodium hydrogen sulphite followed by indirect dehydration, also yielded 
(III); (IV) was eventually obtained, although in low yield, from sodium 2-hydroxypropane-2- 


cH, CH OH, NaS) CH,-CH(OH)-CH,‘SO,H J. CH,-CHCI-CH,SO,H —> (IIL) 
(CH,),C(OH)-SO,Na SOHN. (CH,),CCISO,Na —> CH,-C(SO,Na):CH, 
(IV.) 
sulphonate (‘‘ acetone bisulphite ”’) by successive treatment with thionyl chloride in pyridine 
and alkali. An attempt was made to prepare 2-methylprop-l-ene-l-sulphonic acid from 
1 : 2-dibromo-2-methylpropane. This was caused to react with sodium sulphite, giving sodium 
2-hydroxy-2-methylpropane-1-sulphonate (V), converted by phosphorus oxychloride into the 
sulphonyl chloride (VI), hydrolysis of which gave sodium 2-methylprop-2-ene-1-sulphonate 
(VII) identical with that described by Archer, Malkemus, and Suter (J. Amer. Chem. Soc., 
1941, 63, 1597) . 
Na,SO, POCI, ‘ 
CMe,Br-CH,Br ———> CMe,(OH)-CH,SO,Na ———> CH,:CMe-CH,’SO,Cl 
(V.) (VI.) | 
NaOH 
CH,:CMeCH,SO,Na 
(VII.) 

Attempts to obtain af-unsaturated sulphonic: acids from higher alcohols (e.g., butyl, amyl) 
by treatment with oleum or with a dioxan-sulphur trioxide complex, followed by alkali, gave 
only saturated products. Similarly, an attempt to prepare a butenesulphonic acid from 
but-2-ene and dioxan-sulphur trioxide, followed by alkali, also failed (cf. Suter, Evans, and 
Kiefer, J. Amer. Chem. Soc., 1938, 60, 538). 

The methyl and the ethyl ester of prop-l-enesulphonic acid were readily prepared by inter- 
action of the sulphonyl chloride with the sodium alkoxide, but this method, when applied to 
ethylenesulphonic acid as described by Alderman and Hanford (loc. cit.) gave very low yields, 
and in this case the methyl ester was more advantageously prepared from the acid and diazo- 
methane. Prop-l-ene-l-sulphonyl chloride reacted readily with ammonia and aniline, giving 
respectively the amide and anilide; the latter is apparently identical with the anilide obtained 
by Autenrieth and Rudolph (Ber., 1901, 34, 3467) from propene-1 : 2-disulphony]l chloride and 
aniline. 

Methyl ethylenesulphonate reacted vigorously with nitromethane in the presence of a little 
piperidine, giving the adduct, methyl tri-(2-sulphoethyl)nitromethane (VIII). A similar addition 
reaction occurred with ethyl malonate, the product being a mixture of the mono-(IX) and di- 
adduct (X). 

NO,’C(CH,"CH,SO,Me), Me-SO,-CH,*CH,‘CH(CO,Et), (Me-SO,*CH,°CH,),C(CO,Et), 

(VIII.) (IX.) (X.) 
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Sodium prop-l-ene-l-sulphonate and ammonia, heated together in a sealed tube, gave 
2-aminopropanesulphonic acid, identical with that obtained by Heath and Piggott (jJ., 1947, 
1481) by reduction of 2-nitropropane-l-sulphonic acid. A similar addition reaction occurred 
with piperidine, but attempts to cause aniline to react were unsuccessful. 

In the Diels—Alder reaction, methyl ethylenesulphonate and cyclopentadiene gave methyl 
2 : 5-endomethylenecyclohex-3-ene-1-sulphonate. Attempts to cause propene-l-sulphonic acid 
or etbyl prop-l-ene-1-sulphonate to react with toluene in the presence of aluminium chloride 
or boron trifluoride were unsuccessful, although Suter e¢ al. (J. Amer. Chem. Soc., 1945, 67, 43) 
have recorded the successful condensation of 2-methylprop-2-ene-l-sulphonate with alkyl- 
benzenes. 


EXPERIMENTAL, 
Analyses are by Mr. E. S. Morton. All m. p.s are uncorrected. 


Prop-\-ene-1-sulphonic Acid.—(a) From isopropyl alcohol. isoPropyl alcohol (60 g.) was stirred at 
—5° while oleum (67-5%; 120 g.) was added slowly down the side of the flask. The temperature of 
the mixture was raised to 20°, and a second portion of oleum (67-5%; 125 g.) added. After being 
stirred overnight at 20°, the product was poured on ice and neutralised with barium carbonate. It 
was then heated at 60° for 2 hours with excess of barium hydroxide [Ba(OH),,8H,O; 158 g.}, filtered, 
neutralised with carbon dioxide, and again filtered. Evaporation to dryness gave crude barium prop- 
l-ene-l-sulphonate (75 g.); this was treated with an equivalent amount of sulphuric acid in water, 
filtered, and evaporated to dryness. Distillation of the product gave prop-l-ene-l-sulphonic acid 
(21-7 g.) as a colourless liquid, which darkened on keeping, b. p. 135°/0-5 mm. (Found: S, 26-4. 
C,H,O,S requires S, 26-2%). The benzylisothiouronium salt formed fine colourless needles from acetone, 
m. p. 159—160° (Found: C, 45-7; H, 5-3; N,10-1. C,;H,O;S,C,H,)N,S requires C, 45-8; H, 5-6; N, 9-7%). 

(b) From n-propyl alcohol. n-Propyl alcohol (60 g.) was stirred at 10° while oleum (67-5%; 135 g.) 
was added slowly down the side of the flask. The mixture was then warmed to 20°, and a second 
portion of oleum (67-5%; 135 g.) added. After being stirred overnight, the mixture was worked up 
as described in (a), giving prop-l-ene-l-sulphonic acid (35-4 g.), b. p. 135°/0-5 mm. The benzyliso- 
thiouronium salt had m. p. and mixed m. p. with the specimen described above, 159—160°. 

(c) From propylene oxide. Propylene oxide (29 g.) was shaken with a solution of sodium hydrogen 
sulphite (57 g.) in water (135 c.c.) until a clear solution was obtained. Evaporation to dryness and 
extraction of the residue with 95% alcohol gave sodium 2-hydroxypropane-1-sulphonate (Found : S, 20-0; 
Na, 14:0. C,H,O,SNa requires S, 19-7; Na, 14-2%). A mixture of sodium 2-hydroxypropane-l- 
sulphonate (20 g.) and phosphorus pentachloride (55 g.) was ground until reaction ceased, and then 
poured into iced water. The oily product was separated and boiled for 1 hour with a solution of sodium 
carbonate (25 g.) in water (100 c.c.). After neutralisation with hydrochloric acid and evaporation to 
dryness, the residue was extracted with 85% aqueous alcohol. Evaporation of the alcoholic solution 
gave sodium prop-l-ene-l-sulphonate (13 g.). The benzylisothiouronium salt had m. p. and mixed m. p. 
with the specimen described above, 159—160°. The anilide, prepared through the sulphony]l chloride, 
had m. p. and mixed m. p. with the specimen described below, 91°. 

2-Chloropropane-2-sulphonic Acid.—Thionyl chloride (47-6 g.) was added dropwise with stirring to 
a mixture of powdered sodium 2-hydroxypropane-2-sulphonate (‘‘ acetone bisulphite’’; 32-4 g.), 
anhydrous pyridine (31-6 g.), and dry ether (60 c.c.) at 0°. After being stirred at 0° for 16 hours, the 
mixture was heated at 30—35° for 1 hour and poured on ice. Evaporation of the ethereal solution 
gave a dark brown oil (3 g.) which decomposed on attempted distillation. The aqueous solution was 
made strongly alkaline with sodium hydroxide, distilled in steam to remove the pyridine, and evaporated 
to dryness. Extraction of the residue with 85% aqueous alcohol gave sodium 2-chloropropane-2-sulphon- 
ate which crystallised from absolute alcohol in colourless plates (7 g.) (Found: Cl, 19-3; S, 18-4. 
C,H,O,CISNa requires Cl, 19-4; S, 17-8%). The benzylisothiouronium salt formed colourless needles 
from a me) 175—176° (Found: C, 40-8; H, 5-6; N, 8-9. C,;H,O,CIS,C,H,,.N,S requires C, 40-7; 
H, 5-2; N, 8-7%). 

Propene-2-sulphonic Acid.—Sodium 2-chloropropane-2-sulphonate (1 g.) was heated at 100° with a 
solution of potassium hydroxide (1-6 g.) in methyl alcohol (5 c.c.) for 24 hours. After neutralisation 
with hydrochloric acid, the product was evaporated to dryness and extracted with 95% alcohol. 
Evaporation of the alcoholic solution gave crude sodium propene-2-sulphonate. The benzylisothio- 
uronium salt formed colourless needles from acetone, m. p. 137—138° (Found: C, 46-2; H, 5-5; 
N, 10-0. C;H,0,S,C,H,N,S requires C, 45-8; H, 5-6; N, 9-7%). : 

Sodium OT i eee ne nc Attempted Preparation of Sodium 2-Methylprop-1-ene-1- 
sulphonate.—1 : 2-Dibromo-2-methylpropane (108 g.) was added slowly with stirring to a boiling solution 
of sodium sulphite (anhydrous; 136 g.) in water (290 c.c.). After refluxing for 7 bours, the solution 
was filtered, extracted with ether, and concentrated, giving sodium 2-hydroxy-2-methylpropane-l- 
sulphonate (56 g.). A portion of this (25 g.) was heated at 100° with phosphorus oxychloride (50 g.) 
for 24 hours; after cooling, excess of phosphorus oxychloride was decom with iced water and the 
product extracted with chloroform. The chloroform solution was dried (CaCl,) and distilled, giving 
2-methylprop-2-ene-l-sulphony] chloride (6 g.), b. p. 84—85°/15 mm. (Archer, Malkemus, and Suter, 
loc. cit., give b. p. 83—84°/15 mm.). Hydrolysis of this product by boiling N/l-sodium hydroxide 
solution gave sodium 2-methylprop-2-ene-l-sulphonate. The benzylisothiouronium salt formed colour- 
less needles from water, m. p. 154° (Archer e¢ al., loc. cit., give m. p. 154°). 

Methyl Ethylenesulphonate.—A solution of ethylenesulphonic acid (4-3 g.) in dry ether (100 c.c.) 
was treated at 0° with a solution of diazomethane in ether prepared from nitrosomethylurea (10 g) 
(Arndt, Org. Synth., Coll. Vol. II, p. 165). The solution was washed with water, dried (CaCl,), and 





[1949] Alkenesulphonic Acids: Preparation and Reactions. 49 


distilled, giving methyl ethylenesulphonate (2-85 g.), b. p. 84—85°/12 mm. (Found: C, 30-5; H, 5-1; 
S, 26-0. C,H,O,S requires C, 29-5; H, 4-9; S, 26-2%). 

Methyl Tri-(2-sulphoethyl)nitromethane.—A mixture of nitromethane (0-6 g.) and methyl ethylene- 
sulphonate (1-2 g.) was treated with a saturated solution of potassium hydroxide in methanol (2 drops). 
When the reaction had ceased, the product was neutralised with dilute acetic acid, washed with water, 
and crystallised from methyl ethyl ketone, giving methyl tri-(2-sulphoethyl)nitromethane in colourless 
— ’ g.), m. p. 175° (Found: C, 28-6; H, 5-0; N, 3-4. C,.H,,0,,NS, requires C, 28-1; H, 4-9; 

, 33%). 

Meno 3 : 3-Dicarbethoxypropane-!-sulphonate and 3 : 3-Dicarbethoxypentane-1 : 5-disulphonate.—A 
mixture of methyl ethylenesulphonate (1-65 g.) and ethyl malonate (2-16 g.) was treated with 5 drops 
of a 5% solution of sodium ethoxide in alcohol. When the exothermic reaction was complete, the 
mixture was kept at room temperature for 45 minutes, then washed successively with dilute aqueous 
hydrochloric acid, dilute aqueous sodium hydrogen carbonate, and water, and dried (CaCl,). Dis- 
tillation gave methyl 3 : 3-dicarbethoxypropane-1-sulphonate as a colourless liquid (0-6 g.), b. p.. 132— 
134°/0-2 mm. (Found: C, 42-5; H, 6-4; S, 11-8. C, H,,0,S requires C, 42-5; H, 6-4; S, 11-3%). 
Crystallisation of the residue (1-5 g.) from ether—methanol (‘‘ Drikold’’) gave methyl 3 : 3-dicarbethoxy- 
pentane-| : 5-disulphonate, m. p. 46—47° (Found: C, 38-7; H, 5-9; S, 16-2. C,,;H,,0,9S, requires 
C, 38-6; H, 5-9; 5, 15-8%). 

Methyl 2 : 5-endoMethylenecyclohex-3-ene-1-sulphonate.—A mixture of methyl ethylenesulphonate 
(6-7 g.), cyclopentadiene (4 g.), and toluene (15 c.c.) was heated in a sealed tube at 140—150° for 10 
hours. Distillation then gave methyl 2 : 5-endomethylenecyclohex-3-ene-1-sulphonate as a colourless 
~ ew “2 g.), b. Pp. 84—86°/0-08 mm. (Found: C, 51-3; H, 6-4; S, 16-8. C,H,,0,S requires C, 51-1; 

, 6-4; S, 17-0%). 

Methyl and Piyt Prop-1-ene-1-sulphonate.—A solution of sodium methoxide from sodium (0-93 g.) 
in methyl alcohol (25 c.c.) was added dropwise with stirring to a solution of prop-l-ene-1-sulphonyl 
chloride (5-2 g.) in ether (20 c.c.) at 0O—10°. After being stirred for 45 minutes at 20°, the product 
was filtered, neutralised with 50% aqueous acetic acid, and evaporated to dryness. The residue was 
extracted with ether, and the ethereal solution distilled, giving methyl prop-1-ene-l-sulphonate (4-1 g.) 
as a colourless liquid, b. p. 110—112°/10 mm. (Found: C, 35-7; H, 6-6. C,H,O,S requires C, 35-3; 
H, 59%). The ethyl ester formed similarly by using sodium ethoxide had b. p. 118—122°/14 mm. 
(Found: C, 39-3; H, 6-7. C,H,,0,S requires C, 40-0; H, 6-7%). 

Prop-1-ene-1-sulphonyl Chlovide.——Crude barium prop-l-ene-l-sulphonate (10 g.) was heated with 
phosphorus oxychloride (20 g.) at 100° for 3 hours. After cooling, chloroform was added and the 
whole poured into iced water. When reaction had ceased, the chloroform solution was washed with 
water, dried (CaCl,), and distilled, giving prop-l-ene-l-sulphonyl chloride (3-4 g.) as a colourless liquid, 
b. p. 80—82°/12 mm. (Found: C, 26-0; H, 3-9; Cl, 25-1. C,;H,O,SCl requires C, 25-7; H, 3-6; Cl, 
25-4%). The anilide formed colourless prisms from aqueous alcohol, m. p. 91° (Found: C, 54-7; H, 5-6; 
N, 7-5; S, 16-6. Calc. for C,H,,0,NS: C, 54-8; H, 5-6; N, 7-1; S, 162%). The amide, formed by 
treatment of the chloride in dry ether with excess of dry ammonia at 0—10°, had b. p. 112°/0-2 mm. 
and crystallised from ether-light petroleum (b. p. 40—60°) in colourless prisms, m. p. 50—52° (Found : 
C, 29-6; H, 5-9; N, 11-6. C,H,O,NS requires C, 29-7; H, 5-8; N, 11-6%). 

2-Aminopropane-l-sulphonic Acid.—Sodium propene-l-sulphonate (6-8 g.) in water (15 c.c.) was 
heated in a sealed tube with ammonia solution (d 0-88; 33 c.c.) at 150° for 5 hours. The product was 
evaporated to dryness, and the residue treated with concentrated hydrochloric acid. After filtration 
and removal of the hydrochloric acid, treatment of the residue with absolute alcohol gave 2-amino- 
propane-l-sulphonic acid (2-8 g.) which crystallised from aqueous alcohol, m. p. and mixed m. Pp with 
an authentic specimen wee according to Heath and Piggott (loc. cit.) ca. 325° (decomp.) (Found: 
C, 26-6; H, 6-6; N, 10-1; 5, 22-9. Calc. for C,H,O,NS: C, 25-9; H, 6-5; N, 10-1; S, 23-0%). Gabriel 
and Ohle (Ber., 1906, 39, 2891) give m. p. ca. 330° (decomp.). 

ght arte oe nye pe Acid.—Crude barium propene-l-sulphonate (5 g.) in aqueous alcohol 
was boiled under reflux with piperidine (11 c.c.) for 5 hours. The product was evaporated to dryness, 
treated with concentrated hydrochloric acid, and filtered. After removal of the hydrochloric acid, 
crystallisation of the residue from aqueous alcohol .gave 2-piperidinopropanesulphonic acid (2-3 g.) 
in small colourless needles, m. p. 312° (decomp.) (Found: C, 46-3; H, 7-9; N, 6-8; S, 15-8. C,H,,O,NS 
requires C, 46-4; H, 8-2; N, 6-8; S, 15-45%). 

2-Amino-2-phenylethane-l-sulphonic Acid.—A suspension of sodium 2-phenylethylenesulphonate 
(Suter and Milne, J]. Amer. Chem. Soc., 1943, 65, 582; 5 g.) in ammonia solution (d 0-88; 30 c.c.) was 
heated in a sealed tube at 150° for 7 hours. The product was worked up as described above for 2-amino- 
propane-l-sulphonic acid and crystallised from water, giving oe ae ee ona acid, 
> Pp. Sean To (decomp.) (Found: C, 47-8; H, 5-5; N, 7-1. C,H,,O,NS requires C, 47-8; H, 5-5; 

’ 70% . 

2-Piperidino-2-phenylethane-1-sulphonic Acid.—A solution of sodium 2-phenylethylene-1-sulphonate 
(3 g.) in a mixture of water (15 c.c.) and piperidine (5 c.c.) was refluxed for 16 hours. The product 
was worked up as described above for 2-aminopropane-l-sulphonic acid and crystallised from alcohol, 
giving a small yield of 2 piperidino-2-phenylthanesulphonic acid, m. p. ca. 292° (decomp.) (Found : 
C, 58-1; H, 7-3; N, 5-4. C,,;H,,O,NS requires C, 58-0; H, 7-1; N, 5-2%). 
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41. The Condensation of Fluorene with Acetone. Part V. Contrasting 
Reactions of 9-Fluorenylmagnesium Bromide and of 9-Fluorenyl- 
lithium with «8-Unsaturated Ketones. 


By S. Horwoop TuckKER and (Miss) MARGARET WHALLEY. 


Whereas 9-fluorenylmagnesium bromide adds to the carbonyl group (1 : 2-addition) of 
certain af-unsaturated ketones, with no evidence of addition to the conjugated double-bond 
system (1: 4-addition), yet 9-fluorenyl-lithium adds in exactly the opposite way. Ketones 
investigated were mesityl oxide, benzylideneacetophenone (chalcone), benzylideneacetone, 
ethylideneacetone, and 3-methylpent-2-en-4-one. The constitutions of the condensation 

_ products derived from 9-fluorenyl-lithium and (a) chalcone, viz., phenyl 2-phenyl-2-9’-fluorenyl- 
ethyl ketone, and (b) benzylideneacetone, viz., methyl 2-phenyl-2-9’-fiuorenylethyl ketone, 
have been established; in particular, by the synthesis from the former of 2 : 4-diphenyl- 
fluoranthene, and, from the latter, of 2-phenyl-4-methylfluoranthene. 

Methods for preparing the magnesium and lithium derivatives of fluorene have been 
improved. 


AppITIon of organometallic compounds, RM, to the conjugated double-bond system in (I) may 
give rise (a) by 1: 2-addition at the carbonyl group, followed by hydrolysis, to unsaturated 
carbinols, HO-CR’R:CR”-CR’”’R’”’”; (b) by 1: 4-addition, with subsequent hydrolysis, tosaturated | 
ketones, O'CR’*CHR’*CR’’R’”’”’R. The possibility that this 1 : 4-addition may be actually 
3 : 4-addition (Rupe and Liechtenhan, Ber., 1906, 39, 1119; cf. Kohler, Amer. Chem. J., 1906, 
36, 181) is quite unlikely. 

Grignard reagents add to «af-unsaturated aldehydes (I, R’ = H) by 1: 2-addition: 
1 : 4-addition may rarely also occur (Stevens, J. Amer. Chem. Soc., 1935, 57, 1112). 

With «$-unsaturated ketones the position is much more complicated. Both types of addition, 
1: 2- and 1: 4-, usually take place (Kohler, Joc. cit.; Amer. Chem. J., 1907, 37, 369; 38, 511; 
Kohler, Tishler, and Potter, J. Amer. Chem. Soc., 1935, 57, 2517. For summary see Kirby, 
Towa State Coll. J. Sci., 1937, 12, 137). To particularise, investigations with mesityl oxide have 
shown that Grignard reagents add to its carbonyl group (1 : 2-addition) (Fellenberg, Ber., 1904, 
37, 3578; 1906, 39, 2064; Pastureur and Bernard, Compt. rend., 1923, 177, 327; Jitkow and 
Bogert, J. Amer. Chem. Soc., 1941, 63, 1981; Jacquemain, Compt. rend., 1942, 214, 880; 
Kohler, Amer. Chem. J., 1907, 38, 511; Stevens, loc. cit.). ’ 

We now find, in harmony with these results, that 9-fluorenylmagnesium bromide reacts with 
mesityl oxide, by 1: 2-addition, to give, after hydrolysis and dehydration, the diene, 
4-fluorenylidene-2-methylpent-2-ene (II), formerly isolated by the action of 9-fluorenyl- 
magnesium bromide on diacetone alcohol, presumably after intermediate formation of mesityl 
oxide (Maitland and Tucker, /., 1929, 2559). 


W \ V4 \ Oo \ 
CHAc:CMe, | Distillation ( ) 
\ => \ Y jy 


H and hydrol H in vacuum 
f 
MgBr Me-C(OH)-CH:CMe, Me-C-CH:CMe, 
(II.) 
\ 


Vj (III.) 
H 
R’R”-CH,-COR”’ 


The yield of this crystalline, phototropic substance was only 30%, based on unrecovered 
fluorene, but neither the 1 : 4-addition product, C,,H,*CMe,°CH,*COMe, methyl] 2-9’-fluorenyl-2- 
methyl-n-propyl ketone (III, R’ = R” = R’” = Me) (France, Maitland, and Tucker, J., 1937, 
1739), nor its 2 : 4-dinitrophenylhydrazone could be isolated. ; 

It must be borne in mind that this reaction is carried out under conditions which are generally 
classed as “‘ forced ’”’ (125°/2°5 hours). However, it has been stated (Kirby, Joc. cit.) that 
changes of temperature and solvent, whilst they may be influential in bringing about a reaction, 
do not affect the ratio of 1 : 2- to 1 : 4-addition product (cf. Gilman and Kirby, J. Amer. Chem. 
Soc., 1941, 68, 2047). Liittringhaus and Scholtis (Annalen, 1945, 557, 70) endeavoured without 
success to convert the 1 : 2-addition product derived from phenyl-lithium and chalcone into the 
1: 4-addition product. 

Similar condensations to that carried out with mesityl oxide were attempted between 


O=CR’—CR”=CR’’R’” 
1 2 3 4 
(I.) 
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9-fluorenylmagnesium bromide and ethylideneacetone, benzylideneacetone, and chalcone, but 
no crystalline products could be isolated. This is not surprising since the anticipated products 
are substituted butadienes: many such polymerise with ease (cf. Backer and Strating (Rec. 
Trav. chim., 1941, 60, 402), who failed to isolate either 1-diphenylenebutadiene, or its maleic 
anhydride adduct, but obtained uncrystallisable polymers]. Oxidation of the thick oils obtained 
as above gave in each case fluorenone in good yield, and from the benzylideneacetone and the 
chalcone adduct, benzoic acid. 

Tests by means of 2: 4-dinitrophenylhydrazine and hydroxylamine for the presence of 
ketones (derivable from 1 : 4-addition) gave negative results. This is all the more surprising 
when one remembers that ethylideneacetone gives not only 1: 2- but 1 : 4-addition products 
with certain alkylmagnesium bromides (Stevens, Joc. cit.; cf. Kohler, Amer. Chem. J., 1907, 38, 
511; Gry, Bull. Soc. chim., 1908, 8, 377). Similarly, benzylideneacetone and chalcone give 
high yields of 1 : 4-addition products with certain Grignard reagents (Kohler, Amer. Chem. J., 
1907, loc. cit.). 

Addition of cuprous bromide or iodide to the xylene suspension of 9-fluorenylmagnesium 
bromide followed by addition of mesityl oxide merely decreased the yield of the 1 : 2-addition 
product (cf. Kharasch and Fields, J. Amer. Chem. Soc., 1941, 63, 2308; Birch and Robinson, /., 
1943, 501; Hook and Robinson, J., 1944, 15). 

It is well known that lithium organo-compounds not only react similarly to Grignard reagents 
with carbonyl compounds, generally giving improved yields of carbinols, but often react when 
Grignard reagents fail to do so (Wittig, Ber., 1931, 64, 2405; 1935, 68, 924; Allen and Gilman, 
J. Amer. Chem. Soc., 1936, 58, 937). Similarly, lithium organo-compounds react with 
«8-unsaturated ketones to give almost invariably high yields of carbinols (1 : 2-addition) even 
when the corresponding Grignard reagents give high yields of saturated ketones (1 : 4-addition). 
Gilman and Kirby (J. Amer. Chem. Soc., 1941, 68, 2046), using lithium reagents, invariably 
obtained high yields of carbinols (1: 2-addition) but also isolated saturated ketones 
(1 : 4-addition) in small yield (cf. Liittringhaus, Ber., 1934, 67, 1602; Liittringhaus and Scholtis, 
Annalen, loc. cit.). Koelsch and Rosenwald (J. Amer. Chem. Soc., 1937, 59, 2166) obtained the 
urusual 1 : 4-addition of phenyl-lithium in reaction with 8-phenylperinaphthindane-7 : 9-dione, 
but the reaction was somewhat abnormal since it involved the ‘‘ double bond ”’ of an aromatic 
ring. It is surprising, therefore, to find that 9-fluoreny]l-lithium not only does not react with the 
highly reactive carbonyl group of mesityl oxide, but in 45 minutes’ reaction in boiling petroleum 
(b. p. 67—69°) gives a good yield (52%) of the saturated ketone (III, R’ = R” = R’” = Me), 
by 1: 4-addition. 

That none of the phototropic 1 : 2-addition product (II) was present was shown by exposing 
solid fractions obtained in the reaction to sunlight, no colour change taking place. 

9-Fluorenyl-lithium adds likewise (1: 4-addition) to chalcone to give phenyl 2-phenyl- 
2-9’-fluorenylethyl ketone (III; R’ = R’”’ = Ph, R” = H), m. p. 125—127° (cf. Taylor and 
Connor, J. Org. Chem., 1941, 6, 696, who give m. p. 127—128°, corr.). It gave an oxime. 
2: 4-Dinitrophenylhydrazine gave an orange reaction product, which could not be purified. 
Oxidation of the ketone by means of sodium dichromate in glacial acetic acid gave fluorenone 
and benzoic acid. Its constitution has been called in question by Pinck and Hilbert (J. Amer. 
Chem. Soc., 1946, 68, 2015) who, following the method used by one of us (France, Maitland, and 
Tucker, loc. cit., p. 1741) for the Michael condensation of fluorene with mesityl oxide, obtained a 
compound, C,,H,,O, m. p. 129°, which they assumed to be 3: 5-diphenyl-2-2’ : 2’’-diphenylene- 
tetrahydrofuran, since it gave neither a ‘“‘ phenylhydrazone ”’ nor a “ carbazide ’’, and ‘“‘ failed 
to show an OH-absorption in the infra-red’. We have repeated their work and have obtained 
the same compound (III; R’ = R’” = Ph, R” = H) as that obtained by us from 9-fluorenyl- 
lithium and chalcone, as above described. Dr. G. B. B. M. Sutherland reports that the infra-red 
spectrum of this compound shows that it ‘‘ possesses a carbonyl group adjoining a phenyl group ”’. 

9-Fluorenyl-lithium reacted similarly with benzylideneacetone to give methyl 2-phenyl- 
2-9’-fluorenylethyl ketone (III; R’ = Ph, R” = H, R’” = Me), m. p. 99—101° (cf. Taylor and 
Connor, Joc. cit.), also obtained by the action of fluorene on benzylideneacetone in pyridine 
solution containing sodium hydroxide. Its constitution was confirmed by the preparation of a 
2 : 4-dinitrophenylhydrazone and of an oxime; also by oxidation with sodium dichromate in 
acetic acid solution, which gave equimolecular proportions of fluorenone and benzoic acid. 

It will be observed that 9-fluoreny]-lithium thus resembles 9-fluorenyl-sodium and -potassium 
in that all react with mesityl oxide by 1 : 4-addition (France, Maitland, and Tucker, Joc. cit.). 
It is noteworthy that the nature of the solvent does not affect the result—experiments with 
lithium being conducted in petroleum, and those with sodium in ether, whilst 9-fluorenyl- 
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potassium was, presumably, intermediately formed in mesityl oxide—pyridine. Obviously, in 
view of the ease with which fluorene liberates a proton, one must conclude that the lithium, 
sodium, and potassium derivatives of fluorene exist in a highly ionised condition even in 
non-ionising solvents and that the 9-fluorenyl anion reacts preferentially by the Michael mode 
of addition. 

These observations on the 1: 4-addition of 9-fluorenylalkyls are of special interest since 
phenylpotassium adds exclusively to the 1 : 2-position of other «8-unsaturated ketonic systems 
(Kirby, loc. cit.). 

It is clear that steric effects can have no influence on the course of these reactions since (a), 
as shown above, the 9-fluorenyl radical can, according to whether the magnesium or the lithium 
compound is used, add to the carbon atom in the 2- or 4-position of an af-unsaturated ketone 
(see also Gilman and Jones, J. Amer. Chem. Soc., 1940, 62, 1243); (b) we find that 9-fluorenyl- 
lithium reacts with phenyl 2-phenylethy] ketone, in which only addition to a carbonyl group is 
possible, to give, eventually, 1 : 3-diphenyl-1-fluorenylidenepropane (IV), which, by catalytic 
hydrogenation, has been converted into 1 : 3-diphenyl-1-9’-fluorenylpropane. 

In the preparation of 9-fluorenylmagnesium bromide (Courtot, Ann. Chim., 1915, 4, 84; 
Maitland and Tucker, Joc. cit., p. 2561), collection of the ethane evolved showed that (a) the 
period of heating in xylene could be reduced from 12 to 3 hours; (b) the use of two molecules of 
ethylmagnesium bromide to one of fluorene, in boiling xylene for 3 hours, raised the yield of. 
ethane to 91%. A blank experiment, omitting fluorene, gave no gas. The use of excess of 
ethylmagnesium bromide introduced no complication since it is removed in the subsequent 
washing of the insoluble 9-fluorenylmagnesium bromide with xylene, before the reactant 
«8-unsaturated ketone is added. 

The preparation of 9-fluorenyl-lithium proved troublesome. The use of methyl-lithium in 
ether (Gilman, Zoellner, and Selby, J. Amer. Chem. Soc., 1933, 55, 1252), followed by heating with 
fluorene in xylene, gave no methane, and after addition of mesityl oxide an almost theoretical 
recovery of fluorene. This negative result was probably due to the great stability of methyl- 
lithium (Haubein, Iowa State Coll. J. Sci., 1943, 18, 48). We are unable to understand the 
comparable preparation of 9-fluorenyl-lithium by Miller and Bachman (J. Amer. Chem. Soc., 
1935, 57, 766; cf. also Gilman, Moore, and Baine, ibid., 1941, 63, 2480, who state that methyl- 
lithium cannot be satisfactorily prepared in petroleum (b. p. 28—38°) because of its insolubility). 
n-Butyl-lithium, prepared in sulphur-free benzene (Ziegler and Colonius, Annalen, 1930, 479, 
135), gave similarly with fluorene low yields of butane and, after carbonation, a low ae (5%) 


Om On ON 
AAV S H ll ae ae S = @ Veal 


CPh-CH,'CH,Ph HPh:CH,°CHPh:OH PhH a vee 
(IV.) (V.) (VI.) NG, (VII.) 


of acid. The preparation of n-butyl-lithium from lithium and n-butyl chloride was, however, 
accomplished by reaction in petroleum (b. p. 67—69°) in 4 hours (yield, 75%, by titration 
method, Gilman e¢ al., J. Amer. Chem. Soc., 1923, 45, 150; 1944, 66, 1515) (cf. Gilman, 
Langham, and Moore, ibid., 1940, 62, 2334; Gilman, Moore, and Baine, loc. cit.; Gilman, Arntzen, 
and Webb, J. Org. Chem., 1945, 10, 377; Burtner and Cusic, ].Amer. Chem. Soc., 1943, 65, 264; 
Meals, J. Org. Chem., 1944, 9,211; Wittig et al., Annalen, 1947, 557, 196, 204). Heating the pro- 
duct with fluorene for 45 minutes gave 9-fluorenyl-lithium, which by carbonation gave fluorene-9- 
carboxylic acid (66% on total, and 100% on unrecovered, fluorene). The action of acetyl 
chloride, acetic anhydride, and ethyl acetate on 9-fluorenyl-lithium in petroleum gave almost 
complete recovery of fluorene (cf. Miller and Bachman, Joc. cit.; Von and Wagner, J. Org. Chem., 
1944, 9, 155). 

Since the ultimate aim of these researches is the synthesis of substituted fluoranthenes, it 
was decided to confirm the proposed formula for the fluorene—-chalcone Michael condensation 
product (III; R’ = R’’ = Ph, R” = H) by conversion into 2: 4-diphenylfluoranthene. This 
was effected by reducing the above ketone (III), by means of (a) aluminium isopropoxide in 
isopropanol, or (b) hydrogen/Raney nickel in ethanol, to the carbinol, 1 : 3-diphenyl-3-9’-fluorenyl- 
propanol (V), which by heating (100°/5 mins.) in a mixture of glacial acetic and sulphuric acids 
gave 2: 4-diphenyl-1 : 2:3: 4-tetrahydrofiuoranthene (VI) (cf. France, Tucker, and Forrest, /., 
1945, 7). Catalytic dehydrogenation (Pd-C) of (VI) gave 2 : 4-diphenylfluoranthene (VII). 

2-Phenyl-4-methylfluoranthene was similarly synthesised from methyl 2-phenyl-2-9’-fluorenyl- 
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ethyl ketone by catalytic hydrogenation of the ketone to 3-phenyl-3-9’-fluorenyl-1-methyl- 
propanol, which cyclised to 2-phenyl-4-methyl-1 : 2:3: 4-tetrahydrofiluoranthene; dehydro- 
genation with selenium yielded 2-phenyl-4-methylfluoranthene. 


EXPERIMENTAL. 


9-Fluorenylmagnesium Bromide.—Ethyl bromide (45-5 g. = 32 ml.; 2-5 mols.) and pure magnesium 
(10.g.; 2-5 atoms) in anhydrous ether (100 ml.) gave ethylmagnesium bromide (~2 mols.) to which were 
added fluorene (27-7 g.; 1 mol.) and xylene (85 ml.). The ether was removed by gentle boiling of the 
mixture, with stirring. When practically all had been removed the apparatus was set for collection of 
residual ether, in a cooled receiver, and of ethane, scrubbed free from ether by bubbling through concen- 
trated sulphuric acid, in a graduated cylinder. It was found advantageous to stir the gently refluxing 
mixture intermittently only. When no more ethane was evolved (3450 ml. N.T.P., in 3 hours; yield, 
91%) the pale green powder of 9-fluorenylmagnesium bromide which had been deposited was washed 
by decantation with ether and with xylene to remove excess of ethylmagnesium bromide and unchanged 
fluorene, then covered with fresh xylene and so used in subsequent reactions. The use of isoamyl 
ether or of p-cymene in place of xylene sed no advantage. 

Fluorene-9-carboxylic Acid.—The xylene suspension of 9-fluorenylmagnesium bromide, prepared as 
above, was poured on solid carbon dioxide, then the suspension was heated at 100° whilst dry, air-free 
carbon dioxide was passed in (Tucker, Analyst, 1939, 64, 410; 1942, 67, 320). After filtration, the com- 
bined xylene and ether solutions (obtained in the preparation of the 9-fluorenylmagnesium bromide, and 
subsequently) were treated with dilute hydrochloric acid, and fluorene recovered (8-5 g. ; 30% recovery). 
The carbonated solid was treated with dilute hydrochloric acid, and the insoluble carboxylic acid dissolved 
in sodium hydroxide solution and reprecipitated by acid. Crystallisation from toluene gave fluorene-9- 
carboxylic acid, softening very much below the m. p. ~225° (4-5 g.; 18% on unrecovered fluorene). 

9-Fluorenyldimethylcarbinyl acetate prepared from the carbinol (Maitland and Tucker, Joc. cit., p. 2562) 
by means of acetyl chloride in benzene—pyridine solution at room temperature, crystallised from methanol 
in stellar clusters of prismatic rods, m. p. 115—116° (Found: C, 81-1; H, 6-6. C,,H,,O, requires 
C, 81-2; H, 6-8%). 

Reaction of 9-Fluorenylmagnesium Bromide with (a) Mesityl Oxide, (b) Chalcone, (<) Benzylideneacetone, 
(d) Ethylideneacetone.—These reactions were effected similarly; the method is illustrated by the case 
of mesityl oxide. (a) Mesityl oxide (24-5 gs 0-25 g.-mol.) was added to 9-fluorenylmagnesium bromide 
(prepared from 41-5 g. = 0-25 g.-mol. of fluorene) in xylene (150 ml.). Vigorous stirring and heating 
at 125° were maintained for 2-5 hours, the Grignard reagent turning from green to brown. After 
treatment with dilute hydrochloric acid, extraction with ether, and evaporation of the xylene—-ether 
extract, distillation gave, at 12 mm., fractions (i), 150—180°, fluorene (11-2 g., 27% recovery); (ii) 
180—225°, a reddish oil which from petroleum (b. p. 40—60°) gave white needles which turned pink on 
exposure to light and, if exposure not been too protracted, became again colourless when kept in the 
dark, m. p. 80—82° (1-1 g.); (iii) 225—233°, a thick oil which gave, as (ii), 4-fluorenylidene-2-methyl- 

nt-2-ene, m. p. 80—82° (14-7 g.; total yield 15-8 g., 26%, or 30% on unrecovered fluorene); (iv) 
igher fractions gave from ethanol merely 9: 9’-difluorenyl, m. p. 243°. (b) Chalcone (26 g.; 0-125 
g.-mol.) was added to 9-fluorenylmagnesium bromide (from fluorene, 20-8 g.; 0-125 g.-mol.) in xylene 
(70 ml.) and heated at 140° for 1-5 hours. After working up as above, distillation gave fluorene (7-0 g.) 
and at 200—210°/1 mm. an oil (6-3 g.), which did not react with 2: 4-dinitrophenylhydrazine. (c) 
Benzylideneacetone similarly gave recovered fluorene (29%) and at 270—280°/14 mm. a red oil which 
gave no reaction with ketonic reagents, and on oxidation (1-3 g.) with sodium dichromate (7 g.) in boiling 
acetic acid (25 ml.) (3 hours) gave fluorenone (0-2 g.) and benzoic acid (0-14 g.), thus showing that the oil 
contained a reaction product of fluorene and benzylideneacetone. (d) Ethylideneacetone similarly gave 
recovered fluorene (28%) and at 215—235°/11 mm. a heavy red oil (5-1 g.). 

9-Fluorenyl-lithium.—n-Butyl chloride (10-2 g.; 0-11 g.-mol.) in petroleum (b. p. 67—69°, 30 ml., 
extracted with concentrated sulphuric acid and distilled from sodium) was added to a boiling mixture of 
petroleum (30 ml.) and finely divided lithium (1-39 g., 0-2 g.-atom; grated into the flask in a current of 
dry nitrogen)» After refluxing with stirring for 4 hours (in nitrogen), fluorene (12-4 g., 0-075 g.-mol.) and 
petroleum (45 ml.) were added, and refluxing maintained for 45 minutes. Orange 9-fluorenyl-lithium 
slowly deposited and butane was evolved (during 30 mins.). The latter was collected in order to 
determine the end of the reaction, but since it was saturated with petroleum vapour the volume collected 
is only an approximate measure of the yield (1420 ml. N.T.P. = 85% aelephthel on fluorene used). The 
use of 0-075 g.-mol. of fluorene to 0-2 g.-atom of lithium was determined by the fact that independent 
experiments showed that the yield of n-butyl-lithium was 75% (Gilman, Moore, and Baine, loc. cit.). 

Experiments to be reported later indicate that the above preparation may be improved by using the 
technique for atomising lithium (Bartlett, Swan, and Woodward, J. Amer. Chem. Soc., 1941, 68, 3229). 

Fluorene-9-carboxylic Acid.—9-Fluorenyl-lithium, prepared as above, and vigorously stirred, was 
treated with dry, air-free carbon dioxide until the mixture was colourless (ca. 1-5 hours). Water was 
added, the petroleum y terres meng for recovery of unattacked fluorene (4-2 g., 34%), and the aqueous 
solution acidified with s oric acid to give fluorene-9-carboxylic acid (10-5 g., 66%, or 100% on 
unrecovered fluorene). It was recrystallised from toluene. The use of solid carbon dioxide, wiped to 
free it from su cially acquired ice, no advantage. 

Reaction of 9-Fluorenyl-lithium with (a) Mesityl Oxide, (b) Chalcone, (c) Benzylideneacetone, (d) 
3-Methylpent-2-en-4-one.—(a) 9-Fluorenyl-lithium prepared as above from fluorene (16-6 g., 0-1 g.-mol.), 
was treated with mesityl oxide (9-8 g.; 0-1 g.-mol.) in petroleum (b. p. 67—69°; 40 ml.). After refluxing 
in nitrogen for 4 hour and acidification, the product was worked up as described for the corresponding 
Grignard reaction. Fluorene (2-2 g.; 13% recovery) and, at 210—235°/14 mm., a viscous red oil were 
obtained. The oil solidified on standing, and after crystallisation from methanol or ethanol gave the 
characteristic white needles of methyl 2-9’-fluorenyl-2-methyl-n-propyl ketone, m. p., alone or mixed 
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with an authentic specimen, 77—78° (12 g.; yield 45% on used, and 52% on unrecovered, fluorene). 
Its 2: 4-dinitrophenylhydrazone, m. p. 200—202°, was identical with a sample previously prepared. 
The 2 : 4-dinitrophenylsemicarbazone, prepared in methanol containing a trace of concentrated sulphuric 
acid, crystallised from glacial acetic acid in pale yellow, pointed crystals, m. ». 225—228° (efferv.) 
(Found: C, 63-9; H, 5-1; N, 14-1. C,gH,,O,N, requires C, 64:1; H, 5-1; N, 144%). The semi- 
carbazone gave micro-crystals from ethanol, softening at 190°, melting at 214° (Found: C, 74:7; H, 7-1; 
N, 13-1. C,9H,,ON; requires C, 74-8; H, 7-2; N, 13-1%). 

(b) Chalcone (10-4 g.; 0-05 g.-mol.) in petroleum (b. p. 67—69°; 50 ml.) was added to 9-fluorenyl- 
lithium (from fluorene, 8-3 g., 0-05 g.-mol.), the mixture refluxed (1 hour), treated with dilute hydrochloric 
acid, extracted with benzene, the mixture of solvents removed, and the residual solid crystallised first 
from benzene-alcohol (1:1) and then from ethyl acetate to give phenyl 2-phenyl-2-9’-fluorenylethyl 
ketone, m. p. 125—127° (Found: C, 89-7; H, 5-7; M, 354. Calc. for C,,H,,O: C, 89-8; H,5-8%; M, 
374) (cf. Taylor and Connor, Joc. cit., who give m. p. 127—128°, corr., and Pinck and Hilbert, loc. cit., 
m. p. 129°). 

Reassene reacted with chalcone in presence of pyridine and sodium hydroxide solution (Pinck and 
Hilbert, Joc. cit., p. 2014) to give the same compound. It gave an orange precipitate with 2 : 4-dinitro- — 
phenylhydrazine in methanol acidified with concentrated sulphuric acid but a pure product could not be 
prepared. The ketone reacted, however, in the usual way to give an oxime, rectangular prisms from 
methanol, softening at 155°, melting at 162° (Found: C, 86-3; H, 5-9; N, 3-6. C,,H,,ON requires C, 
86-4; H, 5-9; N, 36%). Furthermore, oxidation of the ketone (1-5 g.) by boiling (1-5 hours) with 
sodium dichromate (3 g.) in glacial acetic acid (25 ml.), followed by addition of more dichromate (3 g.) 
and continued boiling (1-5 hours), gave after the usual procedure fluorenone (0-3 g.; 42%) and benzoic 
acid (0-4 g.; 26%). 

(c) Benzylideneacetone was employed as described for chalcone (see 6). Fluorene (5-4 g.; 32% - 
recovery) was obtained at 165—200°/20 mm., and a thick orange oil at 195—205°/0-5 mm., which 
crystallised slowly from ethanol in prisms of methyl 2-phenyl-2-9’-fluorenylethyl ketone, m. p. 99—101° 
(5:2 g.; yield 17%, or 25% on unrecovered fluorene) (Found: C, 88-6; H, 6-4. C,,;H.» O requires C, 
88-45; H, 6-4%). The 2: 4-dinitrophenylhydrazone crystallised in orange-red prisms from glacial acetic 
acid, m. p. 167—169° (Found: C, 70-8; H, 4-9; N, 11-3. C,,H,,0O,N, requires C, 70-7; H, 4-9; N, 
11-4%). The oxime crystallised from methanol in small needles, m. p. 155—159° (Found: C, 84-3; H, 
6-3; N, 4:7. C,3;H,,ON requires C, 84-4; H, 6-4; N, 43%). A mixture of fluorene (1-66 g.) and 
benzylideneacetone (1-46 g.) in pyridine (15 ml.) and concentrated sodium hydroxide (1 ml.) was allowed 
to stand with intermittent shaking for 5 days, then acidified with dilute hydrochloric acid, the deposited 
oil extracted with carbon tetrachloride, and after recovery crystallised from ethanol (during several days) 
in prisms, m. p. and mixed m. p. with methyl 2-phenyl-2-9’-fluorenylethyl ketone, prepared as above, 
99—101° (0-7 g.; 22%). Oxidation, as described above, gave fluorenone (22%) and benzoic acid (21%). 

(d) 3-Methylpent-2-en-4-one (4-9 g.; 0-05 g.-mol.) in petroleum (b. p. 67—69°; 20 ml.) was added to 
9-fluorenyl-lithium (prepared from fluorene 8-3 g.). After standing overnight, and working up as before, 
there were obtained fluorene (2-6 g.; 31% recovery) and a heavy oil, b. p. 210—215°/15 mm. (3-8 g.; 
29% on total, and 42% on unrecovered, fluorene). It gave a2: ie ye oe ee crystallising 
in orange-red prisms from anisole, m. p. 184—187° (Found: C, 67-4; H, 5:3; N, 12-5: C,;H,,0,N, 
requires C, 67-6; H, 5-4; N, 12-6%). Oxidation as above gave fluorenone (30% yield). 

9-Fluorenyl-lithium and Phenyl B-Phenylethyl Ketone.—The ketone (5-2 g.) in petroleum (20 ml.) was 
added fairly rapidly with vigorous stirring to 9-fluorenyl-lithium (prepared from fluorene, 4-2 g.), and 
the mixture refluxed (5 mins.). After acidification and extraction with carbon tetrachloride a crystalline 
solid was obtained. Extraction of this with ethanol removed fluorene (0-2 g.); the residue crystallised 
from benzene-—ethanol (1 : 1 v/v) in needles of 1 : 3-diphenyl-1-fluorenylidenepropane (IV), m. p. 147—149° 
(1-9 g.; 20%) (Found: C, 93-8; H, 6-05. C,,H,, requires C, 93-85; H,6-15%). Catalytic hydrogenation 
(Pd-C-EtOH) of (IV) gave nodules (from ethanol), m. p. 96—98°, of 1 : 3-diphenyl-1-9’-fluorenylpropane 
(Found: C, 93-4; H, 6-5. C,,H,, requires C, 93-3; H, 6-7%). 

Synthesis of 2 : 4-Diphenylfiuoranthene (VII).—1 : 3-Diphenyl-3-9’-fluorenylpropanol (V). (a) Phenyl 
2-phenyl-2-9’-fluorenylethyl ketone (1 g.) in isopropanol (BaO-dried) (15 ml.) mixed with a solution of 
aluminium isopropoxide (aluminium, 1 g.; mercuric chloride, trace; isopropanol, 20 ml.) was slowly 
distilled until the distillate failed to give a | ae pe test for acetone (2 : 4-dinitropherfylhydrazone). 
Practically all the propanol was removed, and the residue treated with dilute hydrochloric acid and 
extracted with benzene. After evaporation the residue crystallised (several weeks) from glacial acetic 
acid. (b) The ketone (10 g.) in suspension in ethanol (treated with nickel) (80 ml.) was treated with 
hydrogen in presence of Raney nickel. The evaporated ethanol filtrate gave a glass-like solid which, as 
above, crystallised extremely slowly from acetic acid. The product obtained, of doubtful purity, was 
essentially 1: coer ae eae lpropanol (V) (6-5 g.; 61%), greenish nodules, m. p. 98—105° 
(Found: C, 89-8; H, 6-2. C,,H,,O requires C, 89-4; H, 6-4%). It gave, from boiling a. a 
3 : 5-dinitrobenzoyl derivative which formed orange nodules, from a colourless solution in benzene to 
which petroleum (b. p. 60—80°) was added, softening at 199°, melting at 202° (Found : C, 63-8; H, 4-8; 
N, 4-9. C,,H,,O,N, requires C, 73-7; H, 4-6; N, 49%). . 

2: 4-Diphenyl-1 : 2: 3 : 4-tetrahydrofiuoranthene (V1). The carbinol (V) (4-1 g.) in glacial acetic acid 
(15 ml.) was treated with a solution of concentrated sulphuric acid (15 ml.) in glacial acetic acid (15 ml.), 
and the mixture heated (5 mins.) on the steam-bath. ater precipitated a solid which crystallised from 
glacial acetic acid in needles of 2 : 4-diphenyl-1: 2:3: 4-tetvahy oon (VI), m. p. 209—211° 
(2-4 g.; 61%) (Found: C, 93-8; H, 6-1. C,,H,, requires C, 93-85; H, 6-15%). 

2 : 4-Diphenylfluoranthene (VII). Dehydrogenation of the above tetrahydro-compound (VI) (1-5 g.) 
was effected by heating with selenium [also with palladium—charcoal (Cheronis and Levin, J. Chem. Educ., 
1944, 21, 603) in a stream of carbon dioxide at 300° for 3 hours]. Ether extraction gave a 
bright blue-fluorescing solution which after evaporation gave 2 : 4-diphenylfluoranthene (VII), crystallisin 
in pale green-fluorescing needles from glacial acetic acid, softening at 153°, m. p. 158—160° (0-9 g. ; 60%) 
(Found: C, 94-8; H, 5-2. C,,H,, requires C, 94-9; H, 5-1%). Its picrate crystallised from ethanol in 
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orange needles, m. p. 162—164° (Found: C, 69-8; H, 3-6; N, 7-3. C,,H,.,C,H,O,N, requires C, 70-0; 
H, 3-6; N, 7-2%). s-Trinitrobenzene gave an unstable derivative. 

Synthesis of 2-Phenyl-4-methylfluoranthene.—3- Phenyl-3-9'-fluorenyl-1-methylpropanol. Methyl 
2-phenyl-2-9’-filuorenylethyl ketone (4-7 g.) in ethanol (40 ml.) was treated with hydrogen in the presence 
of Raney nickel and sodium hydroxide (essential) as above. The product, which was principally 
a crystallised in small white needles from ethanol, m. p. 88—91° 
(3-4 g.; 77%). 

2-Phenyl-4-methyl-1 : 2 : 3 : 4-tetrahydrofluoranthene. The above carbinol (2-4 g.) was treated with 
concentrated sulphuric acid and glacial acetic acid to give 2-phenyl-4-methyl-1 : 2 : 3 : 4-tetrahydro- 
fluoranthene, which crystallised from benzene-ethanol in needles, m. p. 211—213° (1-5 g.; 66%) (Found : 
C, 93-3; H, 6-6. C,,;H,, requires C, 93-2; H, 6-75%). 

2-Phenyl-4-methylfluoranthene. The above tetrahydro-compound (0-5 g.) was dehydrogenated with 
selenium at 280° for 5 hours. Extraction with carbon tetrachloride, evaporation, and crystallisation 
from glacial acetic acid gave yellow-fluorescing needles, m. p. 150—153°, of 2-phenyl-4-methylfluoranthene 
(0-3 g.; 61%) (Found: C, 94-5; H, 5-4. C,,H,,requiresC, 94-5; H,5-5%). Its complex with s-trinitro- 
benzene crystallised from ethanol in fine yellow needles, m. p. 174—177° (Found: C, 69-0; H, 3-7. 
Cy3H,.,C,H,;O,N; requires C, 68-9; H, 3-8%). Its picrate was unstable. 
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12. Bond Lengths in Some Inorganic Molecules and Complex Ions. 
By A. F. WELLs. 


The bond lengths in the following groups of compounds are discussed: the methyl 
derivatives and the molecular chlorides and fluorides of the elements of the later Periodic 
Groups, oxy-ions, metallic carbonyls, cyanides, and phthalocyanines. It is concluded that the 
Schomaker-Stevenson equation, in conjunction with the usual 8 — N covalent radii, does not 
account sufficiently well for observed bond lengths to justify its use in detailed discussions of the 
nature of bonds. The experimental evidence for resonance with doubled-bonded structures in 
the above molecules and ions is examined. The arguments for formulating the oxy-ions of 
phosphorus, sulphur, and chlorine with double bonds are not acceptable. The apparent 
Soae shortness of many bonds cannot be satisfactorily explained in the present state of our 

owledge. 


In recent years the concept of resonance has become widely, if somewhat uncritically, accepted. 
Most bonds are now regarded as having fractional bond order and varying degrees of ionic 
character. The valence-bond treatment in terms of resonance between a number of structures 
differing in distribution of bonding electrons has been adopted as one practical way of overcoming 
the difficulty of representing such structures. In organic chemistry experimental evidence for 
resonance comes chiefly from bond lengths and thermochemical data, it being assumed that 
covalent radii and bond energies are additive. In the case of inorganic molecules and complex 
ions, evidence for resonance comes largely from interatomic distances, supported in some cases 
by other physical properties such as dipole moments and force constants of bonds. In this paper 
it is proposed to discuss the bond lengths in some inorganic compounds, in particular those which 
could be, and previously were, formulated with simple electron-pair bonds. At the present time 
a discussion of bond lengths is essentially a discussion of covalent radii and electronegativity 
coefficients, though presumably we shall one day have no need for such concepts when it becomes 
possible to describe accurately the distribution of electron density in complex systems of atoms. 

The Two Alternative Explanations of Bond Shortening.—It was first assumed that covalent 
radii could be assigned to atoms such that the sums of these radii were equal to the lengths of 
bonds between pairs of atoms. This simple additivity principle was introduced by Huggins in 
1926, and an extensive set of covalent radii was proposed by Pauling and Huggins in 1934 and 
checked against the observed lengths of “‘ essentially covalent’ bonds. As more bond lengths 
were determined it was assumed that departures from the additivity rule indicated that the 
bonds concerned were not simple electron-pair bonds with equal sharing of the electrons between 
the two atoms. Explanations in terms of resonance with ionic and/or multiple-bonded 
structures were put forward to explain some of the discrepancies, and various ad hoc 
modifications were made to the simple additivity rule (e.g., the effect on the covalent radius of an 
incomplete octet or formal charge, and the adjacent charge rule). Later it was found that the 
radii assigned to nitrogen, oxygen, and fluorine were incorrect, so that some bond lengths which 
originally supported the additivity rule were now seriously different from the expected values. 
For example, the O-F bond in OF, and FO-NO, (= 1°42 a.) is appreciably longer than the sum of 
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the O and F radii which are consistent with O-C and F-C in dimethyl ether and fluoromethane 
respectively, viz., 79 = 0°66 and ry = 0°644., which with 75 = 0°77. give O-C, 1°43, and 
F-C, 1°41 a., as observed, but O-F only 1°30 a. Clearly, the simple additivity rule could no 
longer be upheld, and since the discrepancies were worst for bonds involving the most 
electronegative elements it appeared reasonable to relate them to the difference between the 
electronegativities of the elements. Schomaker and Stevenson (J. Amer. Chem. Soc., 1941, 68, 
37) suggested an empirical equation 7,3 = 7, + 3 — B(%¥,~ %g), according to which the 
observed bond length should be less than the sum of the covalent radii (which sum would equal 
the length of a hypothetical 100% covalent bond) by an amount proportional to the difference 
between the Pauling electronegativity coefficients. This equation appears to have become 
generally accepted as the basis for discussion of bond lengths. It is therefore important that the 
experimental foundation for this admittedly empirical equation should be critically examined 
(in this connection see also Burawoy, Trans. Faraday Soc., 1943, 39, 79). We shall show that 
there is, in fact, no sound basis for such an equation. The reason for introducing a correction 
term dependent on the difference between the electronegativity coefficients was that the 
largest discrepancies occurred, after introducing the correct radii for nitrogen, oxygen, and 
fluorine, for bonds involving these, the most electronegative atoms. It does not seem to be 
generally appreciated that the improved agreement in the case of bonds from these more 
electronegative atoms necessarily leads to appreciable discrepancies for other bonds. 

It is important to realise at the outset that the arguments for the nature of the bonds in many 
inorganic molecules and complex ions are essentially different from those applied to C-C bonds. 
In the case of the latter, their lengths are known to range from 1°20 to 1°54 a., so that if we find 
bonds of intermediate lengths, say 1°39 and 1°42 a., it is reasonable to suppose (1) that they are 
both multiple bonds, and (2) that they differ in multiplicity. In other cases, however, the 
situation is entirely different. For example, all Si-Cl bonds are observed to have a length of 
2-00 + 0°03 a. There are no other Si-Cl bond lengths to use as standards by which to judge 
these bonds, and it is therefore necessary to set up a standard bond length in some other way. 
It is assumed that there is a relation between the length of a single covalent Si-Cl bond and the 
lengths of the Si-Si and CI-Cl bonds in the elements. This relation was first taken to be 
Y43 = %, +73. This additivity relation gave 2°16 a. as the length of a single Si-Cl bond. 
Accordingly, Pauling assumed the bonds in silicon tetrachloride to have partial double-bond 
character. After correction for 0°09(%. — 7), the estimated length becomes 2°05a., 
reducing, though not entirely removing, the discrepancy between observed and estimated values. 
The need for an explanation in terms of double-bond character is also almost entirely removed. 
In the case of S-O bonds the situation is even more complex. The greatest length so far 
observed is about 1°50 a., but the sum of the radii is 1°78 a., or, corrected for electronegativity 
difference, 1°69. The conclusion has been drawn that all S-O bonds are double bonds (see 
later). We see that the evidence for the nature of, e.g., Si-Cl or S-O bonds is of a different kind 
from that used for C-C bonds. There is a further complication, in that in some cases, where 
there is no “‘ chemical ’’ reason for supposing the bonds to be other than single bonds, the length 
of a particular bond A-B varies in a series of related molecules. It is then obviously important 
to know what length (if any) is to be used as the standard A~B bond length, because according 
to the value adopted the observed variations are to be described alternatively as shortenings or 
lengthenings. 

Confusion has arisen because two reasons for bond shortening have been accepted, viz., 
multiple-bond character and ionic character. It is necessary to consider (1) the origin of the 
“‘ covalent radii ’’ used in discussions of bond lengths, (2) to what extent the length of a bond 
A-B is constant in cases where there is no reason to expect differences in bond order, and (3) the 
experimental basis for the Schomaker-Stevenson equation. A complete analysis would also 
include an inquiry into the significance of electronegativity coefficients. Here we shall accept 
the Pauling values and merely remark that these numbers have not quite the simple meaning 
hitherto attached tothem. For example, Pauling’s statement that the metals are ¢lements with 
x, <2 and non-metals those with x, > 2 was possible because electronegativity coefficients were 
not assigned to certain groups of elements, notably those of the IB sub-group. Later estimates 
Of %oun, ¥ag1 ANd %,,m give values such as 2°3, 1°8, and 2°9, respectively (Gordy, J. Chem. Physics, 
1946, 14, 305; Haissinsky, J. Phys. Radium, 1946, 7, 7). It will be more convenient to deal 
with point (2) after (3). We shall then discuss briefly the bonds in certain oxy-compounds and 
in metallic cyanides and carbonyls. 

The Origin of the Standard Covalent Radii.—Discussion of bond lengths will be based on the 
covalent radii given in Table I. The Pauling electronegativity coefficients (¥) are also given. 
With the exception of those for N and O these radii are equal to one-half of the interatomic 
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TABLE I. 
Cc, N. ‘O. F. 
© | eieiandcpedebstabebbensehbiaibebedenae’ 0-77 0-74 0-74 0-72 
Sh. cenuautitipiiiaiiniensincsivimimanbitiiontiiie 2-5 3-0 3-5 4-0 
Si. P. Ss. Cl. 
| -seasssshieesbineconnssnbinenaniins 1-17 1-10 1-04 0-99 
SD .cantpbamaitgagunntiadiominenianediata 1-8 2-1 2-5 3-0 
Ge. As. Se. Br. 
Oh. ., ceicniadadanibeienasieiasiiiiesinniaiaia 1-22 1-21 1-17 1-14 
i siicitiniiassadasnaaadiuiiaasaiianed 1-7 2-0 2-4 2-8 
Sn. Sb. Te. I. 
D ccmtineaeneannaiianin 1-40 1-41 1-37 1-33 
Oh hesncsetnidabastttianindansiitnsiiihiibiaatintinite 1-7 1-8 2-1 2-4 


distances in the elements, 7.e., in molecules or crystals in which the element is forming 8 — N 
bonds (N is the number of the Periodic Group). The radii for N and O are one half the N-N and 
O-O distances in H,N-NH, and HO-OH respectively. 

The Schomaker—Stevenson Correction for Ionic Character of Bonds.—We shall consider first the 
bond lengths M-C and M-Cl in molecules M(CH,), and MCl,, where m = 8 — N. These are set 
out in Table II, which shows the observed bond length, the sum of the covalent radii, and the 
sum corrected according to the Schomaker-Stevenson (S.-S.) equation. The bond lengths in the 
methyl compounds were used by Pauling to illustrate the truth of the additivity rule. The 
facts concerning these M-C and M-Cl bond lengths are as follows. 

M-C Bonds. Inall cases except N-C, O-C, and F-C the observed bond lengths are, to within 
the experimental error, identical with ry + 7%. The introduction of an electronegativity 
correction to account for these three shorter bond lengths leads to discrepancies of up to 0°07 a. 
in the cases of Ge—C and Sn-C, for which no correction is required. 

M-Cl Bonds. Here the situation is more complex for the following reasons. (a) 
C-Cl = 76 + 1%, 1.¢., this is not consistent with Schomaker and Stevenson’s equation if we 

















TABLE II. 
Bond lengths M-C and M-Cl in molecules M(CH;), and MCl,,. 
C-C. C-Cl. N-C. N-Cl. o-c." O-Cl. F-C. F-Cl. 
iM enthustedeaash 1-54 1-76 1-47 1-74 * 1-42 1-68 1-36 ? 
Te IB .ccees Nadnmasen 1-54 1-76 1-51 1-73 1-51 1-73 1-49 1-71 
er | eer 1-54 1-71 1-47 1-73 1-42 1-68 1-36 1-62 
Ao = 0:22. A, = 0-27. A, = 0-26. A, = ?. 
Si-C. Si-Cl. P-C. P-Cl. S-C. S-Cl. Cl-C. Cl-Cl. 
en ee ee 1-93 2-00 1-87 2-00 1-82 2-00 1-77 1-98 
Ca. ee TR. nccvepenaseones 1-94 2-16 1-87 2-09 1-81 2-03 1-76 1-98 
eS * | poe 1-87 2-05 1-83 2-03 1-81 1-99 1-72 1-98 
A, = 0-07. A, = 0-13. A, = 0-18. Aq = 0-21. 
Ge-C. GeCl. As-C. As-Cl. Se-C. SeCl. Br-C. BrCl. 
ee 1-98 2-08 1-98 2-16 ? ? 1-91 ? 
OA ie Oe cccccasenesenss 1-99 2-21 1-98 2-20 1-94 2-16 1-91 2-13 
rap (S.-S.) ......- pceee 191 2-09 1-93 2-11 1-93 2-11 1-88 2-11 
A, = 0-10. A, = 0-18. A, = ?. A, = ?. 
Sn-C. Sn-Cl. Sb-C. Sb-Cl. TeC. Te-Cl. I-C. I-Cl. 
Os 218 2-30 [2:18] 2-37 [214] 2-36 2-10 2-32 (2-38) 
Fa, 4 PRS LeRcrccocccvce 2-17 2-39 2-18 2-40 2-14 2-36 2-10 2-32 
Fay GOABE Tecesesceces 2-10 2-27 2-12 2-29 2-10 2-28 2-09 2-27 
A, = 0-12. [A, = 0-19.] [A, = 0-22.] A, = 0-22 — 0-28. 


* In N(CH;)Cl,. [ ] indicates assumed value. 


adopt, as they do, the Pauling values of %, = 2°56 and %q = 3°0. (b) The length of O-Cl agrees 
with the Schomaker-Stevenson corrected value; the length of F-Cl is unfortunately not known. 
(c) For MCl,, where M is less electronegative than Cl, agreement between the observed M-Cl and 
the Schomaker-Stevenson corrected value becomes better towards the bottom left-hand corner 
of Table II. In some cases there is better agreement between 7,,, and 7y + 7% (as in the case of 
I-Cl), in others 7, lies between the S.-S. value and ry + % (Sb-Cl and As~-Cl), while in other 
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CASES Yh. lies below the S.-S. value (Si-Cl and P-Cl). The above facts might appear to suggest 
that adjustment of either the value of 8 or the values of some of the electronegativity coefficients 
would improve the agreement. (We should, perhaps, remark here that these discrepancies would 
not be very important if it were not for the fact that the M—F bond lengths show much larger 
discrepancies in the same sense.) The following simple analysis shows, however, that no 
adjustment of the numerical values of the electronegativity coefficients can account for all the 
bond lengths in Table II if an equation of the S.-S. type is used. 

We may classify the elements into five groups according to the relative values of xy, %o, and 
Ka: (1) %u << %o < oy (2) %¥u = %o, (3) %O< %u< %q, (4) %¥u = Xp and (5) %o< 4% < Hy. 
We can then calculate A = (M-Cl) — (M-C) asa function of 7, 79, *y, ¥%o, and %. Assuming 
Pauling’s electronegativity coefficients and 8 = 0°09, we find : 


A, = 0°08, A, = 0°17 (for S), A, = 0°23 (for Br), A, = 0°27 (for N), A, = 0°27 (for O, F). 


For (C-Cl) — (C-C) and (CI-Cl) — (Cl-C) we expect A, = 0°17 and Ag, = 0°27 respectively. 
Thus in all the lower left-hand region of Table II A, should be 0°08. It may be noted that A, is 
independent of the values assigned to ry and #y, so that no alteration in these quantities would 
improve the situation. Actually it varies from 0°07 to about 0°25. There is an alternative, 
viz., that we accept the equality of %, and %q, but then A should in all cases equal 0°22. We 
conclude, therefore, that the S.-S. type of equation cannot reproduce the observed bond lengths | 
in M(CH,), and MCl,, whatever the values of the electronegativity coefficients assigned to’'C and 
Cl. Proceeding from the apparent agreement between M-C in M(CH,), and ry + 7, Pauling 
observed that M-Cl in MCI, is often shorter than ry + 7%. On the basis of this shortening he 
argued that the bonds in these halides have some double-bond character. However, since we 
now know that the simple additivity rule breaks down for M-C when M is very electronegative, 
it would seem unjustifiable to draw conclusions from the deviations from the rule in the case of 
M-Cl when M is most electropositive. So far it has been tacitly assumed, in this paper as in 
many others, that all cases of bond shortening must be explained in the same way. For example, 
it has been argued that since double-bond character is unlikely in C-F (7... = 1°36, radius 
sum = 1°49.) because of the octet rule,* therefore it is not reasonable to explain a similar 
degree of shortening in Si-Cl (7, = 2°00, radius sum = 2°16 a.) by invoking double-bond 
character. We cannot, however, exclude the possibility that different reasons for bond 
shortening may be operating in Si-Cl and C-F. 

In a recent paper Hildebrand (J. Chem. Physics, 1947, 15, 727) concludes that “‘ none of the 
properties of SiCl, requires for its explanation the assumption of ‘ double bond resonance ’.” 
This author’s interpretation of certain data cannot, however, be accepted. He points out that 
the isotropic Raman bond-stretching frequencies (v,) for the bonds C-Cl, Si-Cl, etc., vary 
linearly with the observed bond lengths, and that this regularity ‘‘ gives but scant basis for 
assuming that any one of these molecules has an exceptional character ’’. It is difficult to see 
how such a plot of one measured property of the bonds against another measured property can 
provide information about the nature of the bonds. It merely indicates that there is a linear 
relation between certain properties of the actual bonds. If either property were plotted against 
some independent third function of the atoms concerned then changes in bond type might be 
expected to be revealed. If, for example, the frequency vy, is plotted against 7, + 7, instead of 
Y,s, then the line passing through Si, Ge, and Sn does not pass through the point for C. This is 
to be expected if a sudden change in bond character takes place at Si-Cl, as suggested by Pauling. 
In fact, the interatomic distances in the halides MC], (and MCI, of the Group VB elements) show 
clearly that an electronegativity correction for bond lengths is not only quantitatively, but also 
qualitatively, in disagreement with observation, as shown by the following figures : 


* It has, of course, been pointed out that resonance with structures of the type (F,C=F*)]F- avoids 
the difficulty about the octet. Since, however, the physical nature of a bond intermediate between C-F, 
C=F*, and an ionic bond is not clear, further discussion of this point is not profitable at present. 
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It is quite clear that. the steadily increasing electronegativity correction is even qualitatively 
quite different from that required. The latter is zero for the first-row atoms C and N, large for Si 
and P, and progressively smaller for the heavier elements. This strongly suggests that some 
effect is operating for the second-row (and to a smaller extent for the heavier) atoms which is 
absent for the first-row elements. In this respect Pauling’s explanation is certainly preferable 
to any electronegativity correction, though it cannot be regarded as certain that the explanation 
in terms of double-bond character is correct. 

We have just seen that an electronegativity correction cannot account for the bond lengths in 
halide molecules. In certain cases it so happens that the S.-S. correction is of the required 
magnitude, as for Ge-Cl, but the Ge-C bond length agrees better with the simple radius sum : 


Observed. Ya + 1p. Ya + rp — 0-09 (%4 ~ 8). 

1-98 1-99 1-91 

2-08 2-21 2-09 
The additivity rule appears to apply to a whole group of M-C bond lengths independently of the 
value of xy (in fact, to all except N-C, O-C, and F-C). The fact that no electronegativity 
correction is applicable to M-C in M(CH,),, when *y < % would appear to be explicable on the 
following lines. The radius rg is obtained from C-C in diamond, in which carbon forms four 
tetrahedral bonds, presumably with symmetrical sharing of electrons. In these methyl 
compounds we have two types of environment of carbon, according to whether (a) xy <@ %g or 
(b) xy >%. In (a) the carbon atom is surrounded by four atoms of comparable 
electronegativity, so that its effective radius is the same as in diamond, and there is no measurable 
shortening of M-C. In (b), however, the environment of carbon is quite different, as shown by 
the arrows, which point towards the more electronegative atom of a bond. 


H*1 H2 
DS Sa an a omen 
¥ x 
(a.) (b.) 

It is hardly to be expected that any simple arithmetical treatment based on the values 
of electronegativity coefficients (which are not measured physical constants) will give detailed 
agreement in all cases. Moreover, for the more metallic elements (except perhaps those of 
Group IV with the diamond structure) it is possible that one-half the interatomic distance in the 
metal may not be the value of ry appropriate to discussions of bond lengths in essentially covalent 
molecules. We conclude that no simple correction based on electronegativity differences leads 
to the observed values of all bond lengths. 

The length of a particular bond A-B depends also on the nature of the other atoms attached 
to A and B. Comparatively few data are available, and an unambiguous interpretation is not 
always possible. In the compounds Sn(CH;),Cl,_, the Sn-Cl bond length depends on n : 


Sn-Cl, a. Sn-Cl, a. 
2-39 2-30+0-03 
2-37+0-03 . 2-30+0-02 
2-34+0-03 2-27 
It may be significant that the observed values lie, in a regular sequence, between the radius sum 
and the radius sum corrected for electronegativity difference. Skinner and Sutton (Tvans. 
Faraday Soc., 1944, 40, 164) point out that it is unsatisfactory to regard the shortening as due to 
increased double-bond character of Sn-Cl (the Pauling explanation). This would imply that the 
more negative charge the tin atom acquires the more it wants, since the utilisation of an unshared 
pair of electrons from a chlorine atom increases the negative (or reduces the positive) charge on 
the tin atom. A somewhat analogous effect is found in the carbon fluorides (Brockway, /. 
Physical Chem., 1937, 41, 185) : 
Obs. Yo + rx. Corrected (S.-S.). 
C-Br in CBr, 1-91 1-91 1-88 
CH,Br 1-91 
C-Cl in CCl, 1-76 1-76 1-72 
CH,Cl 1-77 
C-F in CF, . 1-36 1-49 1-36 
CH,F 1-42 
1-44 
There is apparently no alteration in C-Br or C-Cl on going from CX, to CH,X, and the observed 
bond length agrees better with the sum of the radii than with the S.-S. corrected value. In the 
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TABLE III. 
N-F. 
1-37, 1-452 
™ + YF . 1-46 
y, corr. (S.-S.) ° 1-37 
P-F. 
1-54 
1-82 
1-65 
As-F. 
1-72 
1-93 1 Electron diffraction. 
1-75 2 Spectroscopic. 
case of the fluorides the C-F bond is appreciably shorter in CF, than in CH,F. No convincing 
explanation is forthcoming. 

Bond Lengths in Fluorides MF, (n = 8 — N).—The data are less complete than for the 
chlorides; those available are set out in Table III. The data, for SiF, and PF, in particular, 
speak for themselves. 

Oxy-ions.—The observed bond lengths in the simplest oxy-ions are shown (in A.) in Table IV.- 


TABLE IV. 
BO}-. COQ3-. NO,. 
1-35 1-31 1-21 (3 equal coplanar bonds) 
1-59 1-51 1-48 
1-45 1-42 1-43 
0°85 0-87 0-82 
0-93 0-92 0-85 
PO?-. SO3-. 
~1-55 ~1-50 ‘ (4 equal tetra- 
1°84 1-78 . hedral bonds) 
1-71 1-69 
yr, obs./(7m + 70) . 0-84 0-83 
C, CERT CURB. cistivociccssicee . 0-91 0-88 


[The bond lengths in the tetrahedral ions are not known with any great accuracy. For example, 
values from 1°44 to 1°56 a. have been recorded for Cl—-O in crystalline perchlorates. The S-O 
bond length is probably nearer 1°44 a.; this value was obtained from K*SO,°*NH, (Brown and 
Cox, J., 1940, 1) and appears to be the best S-O determination for a tetrahedral ion.]} 

The formulation of the tetrahedral ions with single bonds (co-ordinate links) has been 
rejected on the grounds that their lengths are far less than those of single bonds. The possibility 
that co-ordinate links might be shorter than normal covalent bonds has been dismissed by. 
Phillips, Hunter, and Sutton (J., 1945, 146), whose arguments we shall examine shortly. Since 
it is generally agreed that the octet of valency electrons is never exceeded in the 
first-row elements, only one double bond can be postulated in the triangular ions, and this must 
resonate between the three positions, since all the bonds have the same length, giving each bond 
one-third double-bond character. The following points are noteworthy in connection with the 
conventional resonance formulz for oxy-ions and oxy-molecules. 

(1) It is assumed that —M-O would have the same length as if O were forming two bonds, 
t.e., that the radius of —O is the same as that of —O-. 

(2) The types of resonance postulated are often not consistent with the observed bond 
lengths. For example, the S-O bond length is the same in SO, as in SO, (and probably also in 
SO2?-), whereas the bonds in the former should have 50% and in the latter 334% double-bond 
character. Similar difficulties arise in other cases, and it is found necessary to invoke also 
numbers of ionic structures, so that * ‘“‘ when a more precise description of the electronic 


structure is needed several of the resonating structures be enclosed in brackets, as in the following 
representation of the sulfate ion 


o- o- o- 
fs. “ , — omstteo, ete. 
-_ Oo- 


* Italics in quotations are introduced by the present author. 
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(Pauling, ‘‘ The Nature of the Chemical Bond ”’, Ist edition, p. 225). After his discussion of 
SiCl,, for which double-bond resonance structures are now known to be unnecessary, Pauling 
states (op. cit., p. 214): ‘‘ In the above discussion of the silicon—chlorine distance, the possible 
direct effect of the ionic structures on the distance has been ignored. This seems to be justified 
in practice . . . and, moreover, it can be justified to some extent by theoretical arguments also. 
The ionic radius of an atom is a far more variable quantity than the covalent radius; it responds 
by large variations to change in co-ordination number, and it may be expected to leave to the more 
precise covalent radius the burden of determining the equilibrium distance for bonds of mixed type.” 

(3) In some of the resonating structures of, e.g., the SO?" ion, large groups of shared electrons 
appear around the central atom. The fact that the stereochemistry of these groups (10, 12, 14, 
16) of electrons is unknown is not in itself a reason for objecting to these formule, but it is 
another matter to accept the rather arbitrary (but inevitable) assumption that the configuration 
of the bonds will be determined by the “classical”’ formula rather than by the resonance 
structures involving multiple bonds. Thus in the case of silicon tetrafluoride, for example, for 
' which double-bonded structures are supposed to be very important, as well as ionic structures, 
Pauling says: ‘‘ It seems that a single covalent bond to each attached atom plays the deciding 
part in the determination of bond directions.” Again, in the case of nickel tetracarbonyl, 
where the Ni-C bonds are assumed to have appreciable double-bond character, ‘‘ the single 
bonded structures are not to be ignored; they seem to play a determinative part with respect to 
the stereochemical properties of the central atom.”’ In other words, the situation is that 
resonance with double-bonded structures is invoked to account for the short bond lengths, but 
the bond angles are supposed to be determined only by the single-bonded structures. 

(4) The partial double-bond character resulting from the resonance is often not sufficient to 
account for the shortness of oxy-bonds, some of which are in fact quite as short as double bonds 
would be expected to be if we assumed the conventional relation between lengths of single and 
double bonds—see, for example, the discussion of the NO,~ ion later. 

Double-bonded Structures for Oxy-ions, etc.—Phillips, Hunter, and Sutton have discussed the 
lengths of the ‘‘ oxy-bonds”” in a number of oxy-ions and molecules formed by phosphorus, 
sulphur and chlorine. The lengths of these bonds are, in general, as short as, or shorter than, 
those to be expected for double bonds, assuming Pauling’s relation between the lengths of single 
and double bonds and that the use of 8 — N radii is valid. All these oxy-bonds have two 
points in common, apart from their short length, viz., (1) they could all be formulated as 
co-ordinate links MO, and (2) the oxygen atom is forming only one bond. Phillips, 
Hunter, and Sutton first consider the possibility that a co-ordinate link might be shorter than 
a normal covalent bond, but dismiss this and finally conclude that all such bonds are best 
represented as double bonds. Their arguments may be summarised as follows. The N-O and 
B-O bonds in (CH,),NO and (CH,),0,BF; respectively must be true co-ordinate links because of 
the octet rule. Their lengths are nearly equal to those to be expected for normal single covalent 
bonds. Also ux» is nearly 70% of the value (4°8 x d) expected for symmetrical sharing of the 
electrons. Therefore, the co-ordinate link is not appreciably shorter than a normal single bond. 
On the other hand, the sulphur-oxygen bond, for example, is much shorter than the value 
expected for S-O and also has a much smaller dipole moment than 4°8 x d; therefore 
the sulphur-oxygen bond cannot be a co-ordinate link. These arguments for the formulation of 
short SO, etc., bonds as double bonds cannot be accepted, for the following reasons. 

Confusion has arisen because the term “ co-ordinate link’’ has been used in two quite 
different senses : (1) to denote that the two electrons of the bond came from one atom—*“ Since 
the covalency of boron is limited to 4, the only kind of definite link which it can form in the 
complexes (with phosphines and sulphides) is a co-ordinate link ’’—and (2) to imply that the 
degree of asymmetry of sharing of the two electrons is similar in all co-ordinate links. (It is 

1+ 1- z- 

immaterial whether this is supposed to be A~B or A-B.) The only possible interpretation of 
the statement : “‘ If the S-O, P-O, and P-S bonds were co-ordinate links they should be even 
more polar than the N-O link, because they are actually longer”’, is that Phillips, Hunter, and 
Sutton assume that there would be the same charge distribution in SO in SO%- etc., as in 
N->O in (CH;),;NO. This assumption is entirely without justification; without it there is 
clearly no necessary connection between the lengths and dipole moments of two different bonds 
such as S-O and N-O. The use of the term co-ordinate link in sense (1) is simply a convenient 
way of indicating the origin of the electrons. The use in sense (2) is an entirely different 
matter, for (2) is concerned with the final sharing of the electrons. 

From dipole moments we can deduce the resultant formal charge distributions in molecules. 
For (CH,);N and (CH;),;NO these are approximately as shown at (a) and (6), and for complete 
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tenneter of an electron pen should have (c). The N-O bond in trimethylamine oxide is therefore 
not N-O but closer to N-O. Again, although the bonds in BF, must be highly polar, the final 


+0-06 40-06 
H,C 
x. +#C F- 
+0-06 \ —0-18 


\ 
H,C—N “. eine A 


, 7 / 
Ca | ‘y 
(a.) . (a.) 


charge distribution in R,O->BF, is the resultant of the original polarities of R,O and BF, 
and the rearrangement of electrons which we call the formation of the co-ordinate link. The 
positive formal charge on B and the negative formal charge on O have both decreased, so that 
we have (d) and a B-O bond with dipole moment z x d. The data from these compounds 
merely show that a bond of type (1) can be as long as an ordinary single covalent bond. It has 
not been shown that if a bond is abnormally short it cannot be of type (1). The low dipole 


moment of the short S-O bond indicates that * in S$-O is less than y in N-O (the lengths being - 
similar), but this does not prove that they are not co-ordinate links in sense (1). It is not 
admissible to deduce the origin (still less, the number) of the electrons in the short S-O, etc., 
bonds from dipole-moment data, and particularly to argue from the lengths of bonds such as 
N-O and B-O. If tg were greater than 4°8 x d (~7 D.) then it could be argued that more than 
two electrons are involved. Since it is Jess than 7 p., the moment can obviously be accounted 
for as well by 2 as by 4 electrons, a different degree of asymmetry of sharing being assumed. 
The following points are also relevant. 

(a2) The abnormal distances are found when oxygen is forming only one bond. Although the 
covalent radii are derived from elements or compounds in which phosphorus, sulphur, chlorine, 
and oxygen are forming respectively 3, 2, 1, and 2 bonds, they are applied to cases such as 
(PO,)*- where phosphorus is forming 4 bonds and oxygen 1 bond. In the case of P-O bonds 
there are appreciable variations in length but also variations in the numbers of bonds formed by 
phosphorus and oxygen (numerals refer to A. units) : 


Oo Oo 
\ o: ie. 
al ~% = o ° Pa iN 


? th 


(PO,)*-. (P.O 9). (P,0,). 


Similar variations occur with other M-O bonds, the lengths varying also as the nature of the 
other atoms bonded to them is changed : 


H H Oo O Oo O 
/ \ »~ i 
" a 2 


Na \F 


It would seem that the use of 8 — N radii in discussions of all such bond lengths needs justifying. 

(b) The bond length in NO,~ is 1°21 a., which is 85% of that in O-methylhydroxylamine 
(1°43 a.). Pauling’s double-bond factor for first-row elements is 87%. Unfortunately, 
Phillips; Hunter, and Sutton do not extend their treatment to N-O bonds. 

(c) Subsidiary evidence for double-bonded structures such as the non-existence of fluorine 
oxy-ions (because the octet cannot expand) can be interpreted in other ways (see later). 

(d) The extension of Phillips, Hunter, and Sutton’s ideas to more complex oxy-ions leads to 
difficulties of a stereochemical nature which call for further examination. Remarks already 
made about the spatial arrangement of bonds formed by groups of up to 16 electrons apply 
here. 
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(e) The shortening of the P-O bonds which Phillips, Hunter, and Sutton propose to call 
double bonds is generally less than in the case of the Si-F bond : 


Sum of 8 — N Corrected 
radii, A. sum (S.-S.), A. Obs., A. 
1-89 1-69 1:54 
1-84 1-70 1-65—1-55 

In a recent paper (Gordy, J. Chem. Physics, 1947, 15, 81) the Schomaker-—Stevenson 
correction for single bonds has been extended to double bonds, using a different coefficient 
6 (0-06 instead of 0-09) and a set of ‘‘ double-bond radii”. It seems extremely doubtful whether 
further arithmetical work on these lines is profitable at present, in view of the uncertainties 
mentioned, and particularly in view of the fact that the original Schomaker—Stevenson equation 
does not account at all satisfactorily for the lengths of some single bonds between atoms of very 
different electronegativities. Gordy’s treatment would also imply double bonds in many 
oxy-compounds, including those of nitrogen. 

The Existence of the Halogen Oxy-acids.—Accepting the formulation of ClO,~ with four double 
bonds, Phillips, Hunter, and Sutton claim that the non-existence of fluorine oxy-acids and salts 
is due to the fact that the valency group of fluorine is limited to the octet. It might be suggested 
that fluorine does not form oxy-ions simply because it is the only element which is more 
electronegative than oxygen. The formulation of fluorine oxy-ions with electron-pair bonds for 
each of which the two (unsymmetrically shared) electrons originate in the fluorine, would imply 
that fluorine would be the positive end of the polar bonds. We therefore expect stable oxy-ions 
to be formed only by elements more electropositive than oxygen, i.e., by all the halogens except 
fluorine. Similarly, oxides of fluorine (except OF, and O,F,) should be unstable or non-existent. 


oO oO | 


-F 
(b.) b-O* (c.) + 
o 


The “‘ oxide ’’ F,O (a) has singly-bound F, not singly-bound O. The oxide F,O, (0) is presumably 
of the same type; its instability, like that of H,O, and N,H, and other symmetrical molecules 
and ions of this type, arises from the similar polarity of the centralatoms. Anion FO,~ (c) would 
be unstable for a different reason, viz., that the F would be positive with respect to O. 

The Stereochemistry of Condensed Pyro-ions—We have pointed out that the spatial 
arrangement of the bonds in finite oxy-ions cannot, in the present state of our knowledge, be 
used as evidence for either single or double bonds to oxygen. In the.case of pyro-ions, however, 


in which MO, groups are joined up by sharing oxygen atoms, the oxygen bond angles should 
reflect the nature of the M-O bonds. 


Pyro-ions range from the simplest binuclear ion (a) through cyclic ions of type (b) to infinite 
“~ MO, MO 
0,M—O—MO, o” 9 oP Naa 
O,M n Oo Oo Oo 
(a.) py 
O (b.) (c.) 


linear pyro-ions (c). The analogous molecules include 


Oo O 


S Oo 
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and finally the infinite 2- and 3-dimensional oxy-networks in crystalline B,O;, SiO,, etc. In 


addition to the ions of type (b) and molecules of type (e) there are cyclic molecules containing the 
M,O, ring system, such as 
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It would seem advisable to bear in mind what is known of the structures of all these types when 
considering the nature of the bonds in the simple oxy-ions. We shall write O” for O shared 
between two M atoms and O’ for a terminal O atom. The sort of information we require is (1) 
the lengths of M—O” compared with M-O’ bonds, and (2) the values of bond angles M-O”-M. Of 
particular interest would be cases in which M—O” is appreciably less than ry + 7, and the angle 
M-O’-M is not 180°; double bonds would then appear inconsistent with ordinary stereochemical 
ideas. We shall consider these oxy-ions and molecules in two groups: (a) simple pyro-ions 
O,M-O-MO,, and (b) cyclic and more complex pyro-ions and molecules. 

(a) Simple pyro-ions and molecules. No simple pyro-ions of the type O,M-O-MO, are 
formed by elements of the first Periodic row. The second-row elements form 


[0,Si-O-SiO,]*-, [0,P*O-PO,]*-, [0,S*O-SO,]*-, and O,Cl-O-C10,. 


Structural data are available only for the pyrosilicate and pyrophosphate ions. In ZrP,O, and 
isomorphous pyrophosphates (Levi and Peyronel, Z. Krist., 1935, 92, 100) the linear configuration 
(I) is found. No other pyrophosphate structures have been determined. Two configurations 
(both with linear Si-O-Si) have been found for the Si,O$~ ion, viz., (II) in Sc,Si,O, (Zachariasen, 
ibid., 1930, 78, 1) and (III) in hemimorphite, Zn,(OH),Si,O,,H,O (Ito and West, ibid., 1932, 
83, 1). The discrepancies between (II) and (III) are so large that a discussion of the bond. 
lengths is obviously out of the question. The configuration (IV) was found for the S,02- ion 
in the ammonium salt (Zachariasen and Mooney, ibid., 1934, 88, 63), with O-O = 1°464. as 
expected for a single bond, and the O bonds non-linear. However, the short length of the 
S-O” bond (a double bond according to Phillips, Hunter, and Sutton) is surprising, and further 
study of this ion would appear desirable. 
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(b) Cyclit and other move complex oxy-ions and molecules. Some boron—oxygen bond lengths 
(in a.) are summarised below. There is some doubt as to the best radius to assume for boron. 


(range 1-28—1-42) 
1-39 
1-38 


Bauer and Beach (J. Amer. Chem. Soc., 1941, 68, 1394) adopt a value 0°85a., when 
73 + % = 1°59 a., and the S.-S. corrected value is 1°45 a. (assuming *g = 2°0). It is possible 
that the observed bond lengths are accounted for more satisfactorily by a tetrahedral radius of 
about 0°94. and a triangular radius of about 0°8 a.—Bauer and Beach tabulate the B-O 
distances without distinguishing between 3- and 4-covalent boron. There appears to be a small 
difference between B-O’ and B-O” in (B,O,)*- but there are not sufficient accurate data for a 
discussion of this point [see the B-O bond lengths in the (BO,)*- ion in calcium metaborate, 
above]. 

The most reliable Si-O bond lengths (a.) in (SiO,)*- ions and in forms of crystalline silica are 
probably : 


Quartz (low-temp.) 61, 1- (Wei, Z. Krist., 1935, 92, 355.) 
—- (low-temp.) . (Nieuwenkemp, ibid., p. 82.) 


These values of about 1°60 a. are to be compared with rg, + 79 = 1°91 a. or corrected (S.-S.) 
1764. The oxygen bond angle in low-temperature cristobalite is stated to be about 150°. 
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For cyclic ions the data are far less satisfactory. Three determinations have been made of 
the structure of the cyclic (Si,O,)*- ion, with the following results (lengths in a.) : 


| b 
O 
~~ > af 
Si 
rf Ng 
1°) oO 
In catapleite, Na,Zr(Si,O,),2H,O (Brunowski, In benitoite, BaTiSi,O, (Zachariasen, Z. Krist., 
Acta Physicochim., U.R.S.S., 1936, 5, 863). 1930, 74, 139). 


In wollastonite, Ca,Si,O,, Si-O bond lengths from 1°48 to 1°76 a. were found (Barnick, Diss., 
Berlin, 1936), but little reliance can be placed on the precise values because the unit cell contains 
60 atoms in general positions in the monoclinic space-group P2,/a, involving the determination 
of 45 independent parameters. The bond lengths in benitoite are clearly unacceptable, (unequal 
Si-O” bonds). If the data for catapleite are accepted, the Si-O” bonds are to be regarded as 
normal single bonds and the Si-O’ bonds as (single?) bonds showing the same abnormal 
shortening as in simple oxy-ions. Accurate data on the structures of cyclic silicon oxychlorides 
(SiOCI1,), or of the molecules (SiOR,),, where R is an organic radical, would be useful in a 
discussion of Si-O bond lengths. 

Data on complex phosphorus oxy-ions or molecules are very scanty. The structure of the 
cyclic (P,O,,)*- ion in aluminium metaphosphate (Pauling and Sherman, Z. Krist., 1937, 96, 
481) was not determined accurately * and no discussion of the P-O’ and P-O” bond lengths is 
possible. The bond lengths in P,O, and P,O,, have already been given. The formulation of 
P-O bonds of length about 1°55—1°60 a. as double bonds would seem to call for the description 
of a bond of length 1°39 a. as a triple bond, but no satisfactory explanation of the extreme 
shortness of the P-O’ bond in P,O,, has been given. 

The only cyclic sulphur-oxygen molecule which has been studied is the trimeric S,O, molecule 
(Westrik and MacGillavry, Rec. Trav. chim., 1941, 60, 794), but only approximate values of the 
bond lengths were determined (S-O” 1°6, S-O’ 1°4a.). There are no data on complex 
oxy-molecules of chlorine. 

Probably the only conclusion to be drawn from this brief survey is that M-O’ is, in some 
cases at least, shorter than M-O”, although the difference is small in the case of boron. There 
is, however, so much uncertainty as to the precise values of the bond lengths, even in some 
simple MQ, ions, that any detailed discussion of these bonds is out of the question until many of 
these crystal structures have been redetermined with greater accuracy. 

Metalic Carbonyls, Complex Cyanides, and Phthalocyanines.—These compounds are of interest 
because the M-C bond lengths are appreciably shorter than the sums of the single-bond covalent 
radii, and resonance involving double-bonded structures has been generally accepted. 

Carbonyls. We shall assume that in carbonyls it is the carbon and not the oxygen which is 
attached to the metal. In the account of the electron-diffraction study of Ni(CO), it is stated 
(Brockway and Cross, J. Chem. Physics, 1935, 8, 828) that ‘‘ models were included in which the 
O atoms are attached to the Ni as well as those having C atoms adjacent to the Niatom ”’, but no 
further reference is made to the former. The atomic separations were interpreted as due to the 
linear arrangement (bond lengths to + 0°03 a.) 

182 «1-15 
Neo-O-O 
An infra-red study (Crawford and Cross, ibid., 1938, 6, 525) was inconclusive as regards the 
configuration of the molecule. In later studies of other carbonyls it has been assumed that 
carbon is attached to the metal atom. To account for the length of the Ni-C bond it is assumed 
that resonance between single bonded, Ni-C=O (I.), and double bonded, Ni—=C—O (II.), 
structures occurs, the 8 remaining 3d electrons of the Ni being used. The tetrahedral 
configuration was originally predicted for four sp* bonds, and it is stated (Brockway and Cross, 


* Care should be exercised when taking information from the “ Strukturbericht '’, which is essentially 
an uncritical compilation of data. The parameters in this complex structure were estimated from a 
model, and while the determination of the structure was an elegant piece of deductive work, the authors 
stated that the “ atomic itions can be considered as experimentally verified only to within about 
0-1—0-2 a."". The “ Strukturbericht "’, however, gives P-O” as 1-55 and 1-56 a. and P-O’ as 1-39 and 
1-60 a., without a clear indication of the accuracy claimed by the authors. 
F 
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loc. cit.) that the configuration of 4 groups attached to Ni by double bonds cannot be predicted 
since ‘“‘the problem of 4 double bonds formed from d‘sp? has never been studied. Since 
structure (I) probably predominates in the resonance it is likely that its directional properties 
determine those of the normal state of the molecule, but in fact the observed tetrahedral 
configuration cannot be used as a criterion for the proposed resonance.’”” The argument for 
resonance is based on the length (1°82..) of Ni-C as compared with the sum of the radii 
1°23 + 0°77 = 2:00 a. The Pauling radius for tetrahedral Ni is derived as follows : 


Nill 1°39 (from Ni-S in NiS,) 
Octahedral radii (a.) < Nit! 1-30 (from Ni-S in NiAsS) 
Nil¥ 1°21 (extrapolated) 
Then : 
NilY octahedral 1-21 
Ni" planar 1-22 


whence Ni® tetrahedral 1°23 by extrapolation 


Two points should be noted. (1) No justification for the second (or for that matter for the first) 
extrapolation is given; the electronic structures for the last three states of the Niatom are : 


NilV octahedral 6+4 2 6  ad*spi 
Ni planar (2,8) 2,64 8+2 2 4 dsp 
Ni® tetrahedral 10 2 6 sp 


(2) Pauling states (op. cit., p. 172) : ‘‘ It is found on examining the observed values of interatomic 
distances that square dsp* radii of atoms have the same values as the corresponding octahedral 
d*sp* radii. . . . No reliable data are available for bivalent nickel, but it is probable that the 
equality holds for it also.”” In spite of this he extrapolates from Ni!¥ = 1-21 and Nill = 1-22 a., 
vadii which should be equal according to the above statement. In any case the Ni!¥ octahedral 
radius is an extrapolated value of unknown accuracy. The weight to be attached to the value 
of 1°23 a. for the tetrahedral radius of Ni® is therefore a matter of personal opinion. However, 
it is true that the Ni-C distance in Ni(CO), is shorter than the sum of 1°23 a. and one-half of the 
interatomic distance in diamond. 

Metallic cyanides. The crystal structures of a number of complex metallic cyanides have 
been determined, and the configuration of the complex ion deduced, e.g., [Ag(CN),]~ linear, 
{Ni(CN),]*~ planar, etc. It is conventional to write the formule of these ions with the carbon 
attached to the metal atom, as in [N-C-~Ag-C-N]-, but in no case has it been established that 
carbon rather than nitrogen is attached to the metal. (It is impossible to distinguish between 
these possibilities by X-ray methods. Although it is possible to differentiate carbon from 
nitrogen in organic compounds of certain types, it is not possible in metallic cyanides, not only 
because of the relatively strong scattering by the metal atom, but also because the complex 
electronic structure of the cyano-group leads to similar electron densities around the carbon and 
nitrogen peaks in Fourier projections.) What we do know, in fact, is that both C and N of CN 
can be attached to metal atoms, as in crystalline silver cyanide, in [AuCN(C,H,),],, and possibly 
in complex ferro- and ferri-cyanides. The Ni-C (?) distances in complex nickelocyanides have 
been found (Brasseur and Rassenfosse, Bull. Soc. frang. Min., 1938, 61, 129) to lie in the range 
1-85—1°90 a., and although they are not very accurately known, they appear to be comparable 
with the value in nickel carbonyl. In spite of the above uncertainties, the structures of some 
new complex nickel cyanide ions have recently been discussed in exactly the same way as that of 
nickel carbonyl (Deasy, J. Amer. Chem. Soc., 1945, 67, 152). 

Phthalocyanines. In nickel phthalocyanine (Robertson and Woodward, J., 1937, 219) the 
nickel is bound to 4 coplanar nitrogen atoms, the Ni-N bond length being 1°83 a. _ The nitrogen 
atoms belong to a complex carbon-nitrogen ring system in which there is resonance between 
single and double bonds, as shown by the fact that all 16 C-N bonds have a length of 1°38 a. 
The Ni-N distance is shorter than the distance from N to the centre of the ring in the metal-free 
phthalocyanine (1°92 a.) (Robertson, J., 1936, 1195). These two distances, 1°83 and 1°92 a., 
are not strictly comparable, however, because the introduction of the metal atom has apparently 
caused some alteration in the ring system. The C-N.bond length in the metal-free compound 
is 1:34.a., and the ring is more distorted from true tetragonal symmetry than in the nickel 
derivative. Robertson points out that the Ni-N bond length is about equal to the length 
expected for a double bond, if this is calculated in the conventional way. 





[1949] The Cyanoethylation of Amines and Arsines. 67 


Conclusions.—The object in making this review of the lengths of certain bonds has been to 
present facts rather than to propound new theories. In the present state of our knowledge it 
would seem preferable to check some of the experimentally determined bond lengths and to 
determine other critical bond lengths rather than to attempt detailed discussion of the precise 
distribution of electron densities in bonds, as is implied by analyses of bond lengths in terms of 
covalent radii. 

We conclude that the sums of the 8 — N covalent radii, either with or without a correction 
for electronegativity difference, do not agree sufficiently well with observed interatomic 
distances to justify the use of such radii in conjunction with an equation of the Schomaker— 
Stevenson type in detailed discussions of bond lengths. The values suggested for the covalent 
radii of certain elements have been too uncritically accepted. A number of bonds are 
inexplicably short, notably M-F in SiF, and PF;, M-O in many oxy-ions and molecules, M-C in 
metallic carbonyls (and cyanides?), and M-N in phthalocyanines. Perhaps the only feature 
common to all these bonds is that one atom of the bond is either appreciably more electronegative 
than the other, or is part of an atomic system in which its other bonding electrons are strongly 
bound, as in the carbon monoxide molecule, the cyano-group, the carbon—nitrogen ring of the 
phthalocyanine, or the triple bond —C==C- in the case of the short H,C-C bond in methyl- 
acetylene. 

Two ways in which the environment of an atom in a molecule may differ from that in the 
molecule or crystal from which the 8 — N radius was derived are: (1) that it is forming a 
different number of bonds, and (2) that it is bonded to atoms of different electronegativities. 
Although the principle of assigning different ‘‘ covalent radii” to an atom according to the 
number and type of orbitals used has long been established (compare Pauling’s octahedral and 
tetrahedral radii), it is discarded in many discussions of bond lengths. The justification for 
using the 2-covalent radius of oxygen, for example, for a singly bound oxygen atom has not been 
established. It is somewhat surprising that while the longest S-O bond accurately measured 
has a length of only 1°44 a., as compared with the “ corrected radius sum ’’, 1°76 a., no serious 
attempt seems to have been made to find a long S-O bond. The obvious compounds to study 
are those containing the system —S-O-, e.g., esters of sulphonic acids. The value of the S-O 
bond length in the S,02- ion needs confirming. Finally, it could be argued that the existing 
bond-length data could be interpreted as showing that the length of a particular bond A-B is not 
dependent only on the 8 — N radii and electronegativity coefficients of A and B but is alsa 
dependent on the nature and number of the other atoms attached to A and B, 
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13. The Cyanoethylation of Amines and Arsines. 
By Ricuarp C. Cookson and FREDERICK G. MANN. 


The cyanoethylation of arylarsines previously recorded has now been extended to alkyl- 
arsines, and various derivatives prepared. The cyanoethylation of diphenylamine yields 
diphenyl-2-cyanoethylamine, and the carboxylic acid obtained by hydrolysis can be readily 
cyclised to 4-keto-1-phenyl-1 : 2: 3 : 4-tetrahydroquinoline. No similar cyclisation of the arsine 
+ pn could be achieved, and attempts to prepare other heterocyclic arsenic systems also 


WE have previously shown (J., 1947, 618) that arylarsines, RAsH,, combine with vinyl cyanide, 
particularly under the influence of alkaline catalysts, to give the corresponding bis-2-cyano- 
ethylarsines, R*As(CH,°CH,°CN),, which can be readily hydrolysed to the corresponding acids, 
R-As(CH,°CH,°CO,H),, and also converted into amidine salts, of the type 


+ - 
R-As[CH,°CH,°C(°-NH,)*NH,],(NO,)>. 
Diarylarsines, R,AsH, show the same series of reactions. 

Further work on these lines has been performed with two objects in view: first, to deter- 
mine whether alkylarsines show similar reactions, and secondly, to investigate the use of the 
above derivatives for the synthesis of new types of heterocyclic arsenic compounds. 

We find that methylarsine, MeAsH,, combines with vinyl cyanide under the influence of 
sodium methoxide to give the liquid methylbis-2-cyanoethylarsine (I). This arsine, unlike the 
lower trialkylarsines, underwent no apparent oxidation on exposure to air, although warming 
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with methyl iodide gave the crystalline methiodide. This resistance to atmospheric oxidation 
was shown by the above arylbis-2-cyanoethylarsines, by their amidine derivatives, and by the 
corresponding carboxylic acids: presumably in all these compounds the strong inductive 
effect towards these 2-substituents considerably reduces the normal activity of the tertiary 
arsenic atom (cf. Mann and Watson, J. Org. Chem., 1948, 18, 502). The methyl group in the 


Me-As(CH,‘CH,‘CN), —> Me-AsCl,(CH,°CH,°CN), —> 
(I.) (II.) 
Cl-As(CH,°CH,°CN), —» HO+As(:0)(CH,°CH,°CN), 
(IIL) (IV.) 


arsine (I) permits a reaction which is impossible in the aryl analogues, for the addition of 
chlorine gave the dichloro-derivative (II), which on thermal decomposition gave methyl chloride 
and chlorobis-2-cyanoethylarsine (III). The latter had normal properties: for example, on 
oxidation it furnished bis-2-cyanoethylarsonous acid (IV). It is clear that chloroarsines of type 
(III) may have considerable synthetic application. 

Before investigating the cyclisation of our aryl-arsenic derivatives, the conditions of form- 
ation and cyclisation of analogous nitrogen compounds were first briefly studied. Although 
patent specifications cite the reaction of several primary arylamines with vinyl cyanide, 
apparently only one such example has been described in chemical literature: Elderfield et al. - 
(J. Amer. Chem. Soc., 1946, 68, 1262) obtained @-p-anisidinopropionitrile, 

MeO:C,H,*NH°CH,°CH,°CN, 
by boiling the reactants in glacial acetic acid. We find that aniline does not combine appreciably 
with boiling vinyl cyanide in the presence of sodium methoxide or acetic acid: when, however, 
the reactants were heated in acetic acid at 150°, a mixture of phenyl-2-cyanoethylamine, 
Ph:NH:CH,°CH,’CN, and phenylbis-2-cyanoethylamine, Ph*N(CH,°CH,°CN),, was produced. 
Diphenylamine under the influence of a copper catalyst similarly gave diphenyl-2-cyanoethyl- 
amine which on hydrolysis furnished §-diphenylaminopropiontc acid, Ph,N*CH,°CH,°CO,H. 
This acid, when boiled in xylene with phosphoric anhydride, or alternatively when treated in 


N 


iH 
VA 
CHO ¢ 
Va \ 


N N 
Ph Ph 
(VI.) (VII.) 


turn with phosphorus pentachloride and aluminium chloride, gave 4-keto-1-phenyl-1 : 2:3: 4- 
tetvahydroquinoline (V). The phenylhydvazone of this quinoline when boiled in alcoholic 
hydrogen chloride solution, furnished a compound which initially appeared to be 1-phenyl-1 : 2- 
dihydroindolo(3’ : 2’: 3: 4)quinoline (VI), of formula C,,H,.N,. We have accumulated 
considerable, although not decisive, evidence that this compound has the formula C,,H,,N, 
and is therefore 1-phenyl-p-indolo(3’ : 2’: 3: 4)quinoline (VII). First, our analytical data are 
consistently in support of the formula C,,H,,N,, although the compositional difference between 
the two formule is, of course, small. Secondly, our base forms deep lemon-coloured crystals 
which dissolve in acids with immediate decolorisation; the crystalline monohydrochloride, for 
example, is colourless. Even weak acids such as acetic acid will cause this decolorisation, and 
addition of alkalis reprecipitates the yellow base. It is unlikely that the structure (VI) would 
cause this intense yellow colour, and far more unlikely that proton addition to this structure, 
even if followed by tautomeric change, would result in complete decolorisation. A compound 
of structure (VII), on the other hand, would very probably be coloured, and on salt formation 
might readily give the cation (VIII) ; this change in structure would almost certainly be accom- 
panied by loss of colour. Thirdly, Clemo and Perkin (J., 1924, 125, 1608) have shown that the 
phenylhydrazone of 4-keto-1 : 2 : 3: 4-tetrahydroquinoline when heated with aqueous sulphuric 
acid underwent indolisation and dehydrogenation in one operation to give the colourless 
indolo(3’ : 2’: 3: 4)quinoline (IX). It is therefore not unlikely that dehydrogenation has also 
accompanied our indolisation, with formation of the compound (VII). The structure of this 
yellow base is being further investigated. 

In view of the above results, we have attempted to cyclise diphenyl-2-carboxyethylarsine, 
and also its crystalline chloride, Ph,As*CH,°CH,°COCI, to the arsenic analogue of the quinolone 
(V), but all our attempts, using a wide variety of reagents and conditions, have failed. Similar 


N 
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attempts to cyclise phenylbis-2-carboxyethylarsine, Ph*As(CH,°CH,°CO,H),, to a tricyclic 
diketone have also failed. 


Phenylbis-2-cyanoethylarsine when treated with phenylmagnesium bromide gave phenyl- 
bis-2-benzoylethylarsine, Ph*As(CH,°CH,°COPh),, and the diphenyl analogue similarly gave 
diphenyl-2-benzoylethylarsine, Ph,As‘CH,*CH,°COPh. Attempts to cyclise the former ketone 
by an internal Claisen condensation failed. When the latter ketone was heated with isatin 
in alkaline solution, it furnished diphenyl]-3-(4-carboxy-2-phenylquinolyl)methylarsine (X), 
which we have isolated as the oxide and other crystalline derivatives. 

We have investigated the synthesis of phenyl-o-iodophenyl-2-cyanoethylarsine (XI) as a 
possible route to heterocyclic derivatives, since the Grignard reagent from this compound 
would probably react rapidly with the nitrile group to give the cyclic ketimine. The inter- 
action of o-iodobenzenediazonium chloride and phenylarsine oxide, PhAs-:O, in alkaline solution 
furnished phenyl-o-iodophenylarsonous acid, Ph(C,H,I)As({O)OH, but the yield was too low 
for the method to have value. Alternatively, phenyl-o-nitrophenylarsonous acid, 

Ph(C,H,°NO,)As({O)OH, 
was reduced in one operation to phenyl-o-aminophenylarsine, Ph(C,H,-NH,)AsH, which 
was then combined with vinyl cyanide to give phenyl-o-aminophenyl-2-cyanoethylarsine, 
Ph(C,H,*NH,)As°CH,°CH,°CN. Attempts made to convert this compound into the o-iodo- or 


o-bromo-derivative gave only intractable gmus, and this synthetic approach was therefore 
abandoned. 


It is noteworthy that phenylarsine reacted with acraldehyde also to give only an intractable 
gum, and with mesityl oxide to give arsenobenzene, the mesityl oxide having presumably 


undergone reduction. No interaction between phenylarsine and ethylene oxide could be 
detected, 


EXPERIMENTAL. 


Methylbis-2-cyanoethylarsine (I).—Dehn (Amer. Chem. J., 1905, 38, 117) prepared methylarsine, 
b. p. 2°/755 mm., but recorded no preparative details. In our experiments the arsine was passed, 
without isolation, directly into the vinyl cyanide. A mixture of sodium methylarsonate (30 g.) and 
zinc dust (120 g.) was yee in a flask fitted with a dropping funnel, an entrance tube for nitrogen, 
and a delivery tube. The air was replaced by nitrogen, and a solution of mercuric chloride (6 g.) in 
alcohol (100 c.c.) added with shaking. Concentrated hydrochloric acid (300 c.c.) was then added 
slowly with cooling and shaking. The issuing gases were passed through flaked sodium hydroxide 
and thence down a tube reaching to the bottom of a flask containing vinyl cyanide (25 c.c.) mixed 
with sodium methoxide (0-1 g.) and cooled in a mixture of solid CO, and acetone. White crystals 
separated. After 3 hours the gases in the flask were replaced by nitrogen and the flask was rapidly 
stoppered. As the latter attained room temperature, the crystals (possibly of methylarsine) dissolved. 
The flask was set aside for 2 weeks, and the liquid contents (which now contained a black solid in sus- 
pension) were then refluxed for 2 hours in an atmosphere of nitrogen. Unchanged vinyl cyanide 
(7 c.c.) was now distilled, and the residue, when fractionated at 0-1 mm., gave a main fraction (17 g.), 
b. p. 148—149°, of the pure arsine (I) as a colourless liquid of faint odour (Found : N, 14-1. C,H,,N,As 
requires N, 14-1%); 53% calculated on arsonate used. This reaction is clearly much less vigorous 
than that with, for example, phenylarsine, which in the presence of alkaline catalysts may occur with 
almost explosive violence (Cookson and Mann, Joc. cit.). 

A solution of the arsine in methyl iodide on warming gave an oil, which on crystallisation from 
alcohol gave colourless needles of the arsine methiodide, m. p. 155—157° (Found: C, 28-5; H, 4-4; 
N, 8-0. C,H,,N,I[As requires C, 28-25; H, 4-1; N, 8-2%). This compound in turn furnished the 
arsine methopicrate, orange-yellow needles from aqueous alcohol, m. p. 91—93° (Found : C, 38-6; H, 4-0; 
N, 15-8. C,,H,,0,N,As requires C, 38-1; H, 3-6; N, 15-9%). 

A solution of bromine in carbon tetrachloride was added to a similar suspension of the arsine until 
a permanent pale yellow colour was produced. The colourless very deliquescent crystals of the di- 
bromide which separated were recrystallised from acetic acid containing acetic anhydride: plates, 
m. p. 76° (Found : N, 8-2. C,H,,N,Br,As requires N, 7-8%). 

An aqueous solution of potassium palladochloride was added to an acetone solution of the arsine : 
the addition of water then precipitated dichlorobis(methylbis-2-cyanoethylarsine)palladium, yellowish- 
N 98a from aqueous acetone, m. p. 129° (Found: N, 10-0. C,,H,,N,Cl,As,Pd requires 

’ ‘o/}- 

Formation and Thermal Decomposition of the Arsine Dichloride (I1).—Dry chlorine was passed over 

the surface of a solution of the arsine (I) (11-4 g.) in carbon tetrachloride (165 c.c.) and chloroform (5 c.c.), 





70 Cookson and Mann: 


which was shaken and ice-cooled. The-colourless oily dichloride separated and ultimately formed 
very deliquescent needle-shaped crystals (Found: N, 10-4. C,H,,N,Cl,As requires N, 10-4%). The 
solvents were then distilled off, and the residue heated for 30 minutes at 170—180°/17 mm. Dis- 
tillation at 0-5 mm. then gave a low-boiling fraction (2-6 g.), followed by the chlovobis-2-cyanoethyl- 
arsine (III), b. p. 190—195°, a rather viscous liquid containing a trace of dark suspension which settled 
(Found: C, 32:7; H, 3-5; N, 12-6. C,H,N,ClAs requires C, 33-0; H, 3-7; N, 12-89%). 

The chloroarsine was added dropwise to concentrated nitric acid which was cooled in ice and well 
stirred. Vigorous oxidation occurred, and fine needles of the hydroxy-nitrate of the arsonous acid 
(IV) separated, m. p. 113—116°, after recrystallisation from acetic acid (Found: C, 25-7; H, 3-4; 
N, 15-0. C,H,O,N,As,HNO, requires 25-8; H, 3-6; N, 15-0%): yield, 80%. An aqueous solution 
of the nitrate was treated with sodium hydroxide (1 mol.) and evaporated to dryness: a hot alcoholic 
extract of the residue, when filtered and cooled, deposited the crystalline avsonous acid (IV), m. p. 142° 
(efferv.) (Found: N, 12-9. C,H,O,N,As requires N, 13-0%). 

When gaseous arsine, AsH;, was passed into vinyl cyanide containing sodium methoxide, no inter- 
action could be detected. 

Cyanoethylation of Aniline.—A mixture of aniline (10 c.c.), vinyl cyanide (17 c.c.; 2-4 mols.) and 
acetic acid (15 c.c.) was heated in an autoclave first at 130° for 1-5 hours and then at 150° for 2 hours. 
The cold pale brown product, after filtration to remove a small quantity of gelatinous material, was 
distilled. After low-boiling constituents had been removed, three fractions were collected: (i) b. p. 
178—186°/16 mm., (ii) 150—190°/0-3 mm., (iii) 190°/0-3 mm. Fraction (i) partly solidified, and when 
then recrystallised from aqueous alcohol furnished 2-cyanoethylaniline in colourless crystals, m. p. 51-5° 
(Found: C, 74:0; H, 7:1; N, 18-7. CyH,N, requires C, 74-0; H, 6-8; N, 19-2%): 2-8 g., 18%. 
Fraction (iii), a very viscous syrup, solidified when set aside; recrystallisation from alcohol gave bis- 
2-cyanoethylaniline, colourless crystals, m. p. 80—82° (Found: C, 72-6; H, 6-3; N, 21-7. C,.H,;N;3 
requires C, 72-4; H, 6-5; N, 211%): 5-0g.; 23%. 

Alkaline hydrolysis of this dinitrile in alcoholic solution afforded ultimately the anilinobis-2-pro- 
pionic acid as a viscous syrup, which formed very deliquescent crystals when dried at 100°: it was 
therefore characterised as its di-S-benzylthiouronium salt; needles from alcoholic cyclohexane, m. p. 146° 
(Found: N, 12-0; S, 11-2. C,,H,,0,N,2C,H,)N,S requires N, 12-3; S, 11-2%). 

Cyanoethylation of Diphenylamine.—A mixture of diphenylamine (40 g.), vinyl cyanide (18 c.c.), 
copper acetate (2 g.) dissolved in acetic acid (18 c.c.), and fine copper powder (4 g.) was heated in an 
autoclave at 150° for 8 hours. Distillation of the crude product at atmospheric pressure removed 
unchanged nitrile and acetic acid, and further distillation in a vacuum gave a considerable fraction of 
unchanged diphenylamine, followed by the crude diphenyl-2-cyanoethylamine, b. p. 148—152°/0-1 mm. 
Refractionation gave the pure nitrile as a viscous liquid, b. p. 133°/0-05 mm., which ultimately solidified, 
and when recrystallised from cyclohexane formed colourless crystals, m. p. 41° (Found: C, 80-8; H, 6-1. 
C,;H,,N, requires C, 81-1; H, 63%): average yield, 12 g. Absence of the copper catalyst resulted 
in a very low yield of the cyano-amine: when the proportion of vinyl cyanide was increased, the 
proportion of unchanged diphenylamine did not correspondingly decrease. 

B-Diphenylaminopropionic Acid.—A solution of the nitrile (15 g.) and potassium hydroxide (30 g.) 
in water (200 c.c.) containing alcohol (150 c.c.) was refluxed for 3—4 hours. The alcohol was then 
distilled and the cold residual solution acidified. The precipitated acid was collected and recrystallised 
from aqueous alcohol: colourless crystals, m. p. 111—112° (Found: C, 75-0; H, 6:6; N, 6-0. 
C,;H,,0,N requires C, 74-7; H, 6-2; N, 5-8%). If the crude nitrile is used in this preparation, un- 
changed diphenylamine crystallises in the cold residual solution and can be removed before acidification. 

4-Keto-1-phenyl-1 : 2: 3 : 4-tetrahydroquinoline (V).—(a) Phosphoric anhydride (5 g.) was added 
to a solution of the above acid (4 g.) in warm xylene (50 c.c.), which was then refluxed for 2 hours. 
The xylene was then removed by steam distillation, and the cold aqueous residue treated with an 
excess of sodium carbonate and extracted with benzene. The solvent was removed from the dried 
filtered extract, and the residue on distillation furnished the quinolone (V) as a pale yellow liquid (2-3 g.), 
b. p. 150—175°/0-2 mm., which readily solidified, and when recrystallised from ethyl alcohol gave 
cream-coloured crystals, m. p. 84° (Found: C, 80-5; H, 5-9; N, 6-1. C,;H,,ON requires C, 80-7; 
H, 5-8; N,6-3%). When this quinolone was once obtained crystalline, further preparations crystallised 
on evaporation of the solvent, and distillation was unnecessary. 

(6) Phosphorus pentachloride (4-2 g.; 1 mol.) was added to a suspension of the above acid (4-8 g.) 
in carbon disulphide (25 c.c.), and the mixture refluxed for 1 hour. The dark purple solution, con- 
taining a heavy oil, was cooled in ice whilst aluminium chloride (2-7 g.; 1 mol.) was added, and the 
refluxing for 1 hour then repeated. The cold product was shaken with ice and water, and the disulphide 
decanted and evaporated. The residual syrup was thoroughly extracted with cold ether (leaving a 
brownish gum and a fine red powder), and the filtered extract distilled to remove the solvent and then 
to obtain the quinolone as described above. This method can be applied only on asmall scale because 
otherwise the aluminium chloride causes the heavy oil to form a viscous intractable cake, and the 
yield of quinolone is low. 

The phenylhydrazone was readily prepared, pale yellow crystals from alcohol, m. p. 140—142° 
(Found: N, 13-6. C,,H, N; requires N, 13-4%). The 2: 4-dinitrophenylhydrazone formed magnificent 
deep red crystals from ethyl acetate, m. p. 260° (Found: C, 62-0; H, 4:2; N, 17-4. C,,H,,0,N, 
requires C, 62-5; H, 4-2; N, 17-4%). 

The Yellow Base (VII).—A saturated solution (40 c.c.) of hydrogen chloride in alcohol was added 
to a suspension of the above phenylhydrazone (2 g.) in alcohol (20 c.c.), a deep red colour immediately 
developing. The mixture was refluxed for 3 hours, and on cooling colourless crystals of the mono- 
hydrochloride monohydrate (0-5 g.) slowly separated : addition of a trace of water to the cold solution 
increased the yield. Recrystallisation from alcohol gave crystals, m. 360° wv ey (Found : 
C, 72-0; H, 5-5; N, 80; Cl, 98. C,,H,,N,,HCI,H,O requires C, 72-3; H, 4-9; N, 8-0; Cl, 10-2%). 

When this salt was treated with aqueous sodium hydroxide, an immediate yellow colour developed : 
the free base (VII) was extracted with ether, the solvent evaporated, and the base recrystallised from 
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aqueous alcohol. It separated as bright lemon-yellow crystals, m. p. 215° (Found: C, 85-5, 85-8, 86-0; 
H, 5-05, 4-6, 4-7; N, 9-4. C,,H,,N, requires C, 85-7; H, 4-8; N, 9-5%. (C,,H,,.N, requires C, 85-1; 
H, 5-4; N, 95%). The base formed a very sparingly soluble picrate, which could, however, be recrys- 
tallised from acetic acid: yellow crystals, ~ 312° (decomp.) (Found: C, 61-8; H, 3-2; N, 13-7. 
C,,H,,N,,C,H;0,N; requires Cc. 61-9; H, 3°3; > op 

B-Diphenylarsinopropionyl Chloride.—A solution of thionyl chloride (2-6 c.c.; 1-1 mols.) in chloro- 
form (6 c.c.) was slowly added to a cooled, agitated suspension of the an sige acid (10 g.) in chloro- 
form (20 c.c.). The mixture was refluxed for 1 hour, and the cold solution then filtered, the solvent 
removed by distillation and the residue heated at 90°/0-05 mm. The viscous residue when repeatedly 
stirred with cyclohexane solidified, and when then recrystallised from xylene gave the chloride as colour- 
less crystals, m. p. 143—144° (Found: C, 55-9; H, 4:2; Cl, 10-9. C,,H,,OCIAs requires C, 56-2; 
H, = Cl, 11-1%): 7-5 g., 71%. Attempts to cyclise this compound to the arsenic analogue of (V) 
all failed. 

Similar attempts to cyclise B-diphenylarsinopropionic acid by treatment with phosphorus penta- 
chloride followed by aluminium chloride in nitrobenzene gave mainly diphenylarsine oxide, (Ph,As),O, 
and in benzene gave the diphenyl-2-benzoylethylarsine described below. The use of phosphorus oxy- 
chloride or trichloride for the first stage and/or stannic chloride in the second stage, and the use of 
various other solvents, gave no evidence of cyclisation. The action of phosphoric anhydride in xylene, 
and also of anhydrous hydrogen fluoride, on the carboxylic acid gave indefinite products. 

Many attempts were made to cyclise phenylbis-2-carboxyethylarsine by treatment successively 
with phosphorus pentachloride (or thionyl chloride) and aluminium chloride in various solvents and 
thus to obtain the tricyclic diketo-arsine, but these also failed. The acid could be distilled unchanged 
at 0-1 mm. pressure. 

Phenylbis-2-benzoylethylarsine.—A solution of phenylbis-2-cyanoethylarsine (10 g.) in benzene (50 c.c.) 
was slowly added to a cooled, agitated Grignard reagent prepared from bromobenzene (32 c.c.; 8 mols.), 
ether (120 c.c.), and magnesium (7-9 g.; 8-5 atoms) in a nitrogen atmosphere. After 2 hours’ refluxing, 
the product was cooled, hydrolysed by the addition of concentrated hydrochloric acid (100 c.c.) and 
water (150 c.c.), and the mixture again refluxed for 2 hours. The ether was distilled off, and the benzene 
solution separated, dried, and the solvent distilled. The viscous residue was twice extracted with 
cold ether, and the ethereal extract then filtered and evaporated. The residue thus obtained, when 
recrystallised from alcohol containing 10% of water, gave the arsine as pale yellow needles, m. p- 
83—84° (Found: C, 69-3; H, 6-5. C,,H,,O,As requires C, 68-9; H, 5°5%): yield, 25%. It gave a meth- 
iodide, as colourless crystals from alcoholic ether, m. p. 145—146° (Found : C, 53-8; H,5-0. C,,;H,,0,IAs 
requires C, 53-55; H, 4-6%). 

Diphenyl-2-benzoylethylarsine.—This was prepared essentially by the same method and similarly 
crystallised : colourless needles, m. p. 883—84° (Found: C, 69-7; H, 5-6. C,,H,,OAs requires C, 69-6; 
H, 5-25%): yield, 41%. It gave a 2: 4-dinitrophenylhydrazone, orange-red crystals, m. p. 124—126° 
(Found: N, 10-5. C,,H,;0,N,As requires N, 103%), and its crude methiodide gave the ee 
yellow needles from aqueous alcohol, m. p. 114—115° (Found: C, 55-85; H, 4:35; N, 7-2. C,,H,,O,N;As 
requires C, 55-5; H, 4-0; N, 6-9%). 

A mixture of this monoketone (1-8 g.), isatin (0-8 g.), alcohol (12 c.c.), water (2 c.c.), and potassium 
hydroxide (1-2 g.) was refluxed for 18 hours, cooled, diluted with water, and extracted with ether. 
The aqueous solution on acidification deposited diphenyl-3-(4-carboxy-2-phenylquinolyl)methylarsine 
oxide, colourless plates from aqueous alcohol, m. p. 212—213° (efferv., with “oan softening) 
(Found: C, 68-3; H, 4:3; N, 2-95. C, .H,,O,;NAs requires C, 68-6; H, 4-3; N, 2-8%). It is clear 
that the arsine underwent atmospheric oxidation during the long refluxing. This acid gave a mono- 
picrate (due probably to picric acid addition at the AsO bond), yellow crystals, m. p. 185—188° (decomp., 
bath preheated) (Found: C, 56-95; H, 3-5; N, 8-0. C,,H,,0,;NAs,C,H,O,N, requires C, 57-05; H, 3-4; 
N, 7:-6%): it also gave a monohydrated benzylammonium salt, colourless crystals from alcoholic ethyl 
acetate, m. p. 173—176° (efferv.) (Found: C, 68-55; H, 55; N, 4:5. C,,H,,O,NAs,C,H,N,H,O 
requires C, 68-3; H, 5-2; N, 44%). : 

Cook and Read (J., 1945, 401) have shown that methylbis-2-cyanoethylamine when treated with 
sodium undergoes the Thorpe cyclisation to the imino-nitrile. We have failed to effect a similar 
cyclisation of phenylbis-2-cyanoethylarsine using sodium, or sodium ethoxide (Tho et al., J., 1908, 
93, 176; 1909, 95, 685, 1903) or lithium phenylmethylamide (Ziegler et al., Ber., 1933, 66, 1867; Annalen, 
1933, 504, 94; 1934, 511, 1). The destructive distillation of the barium salt of phenylbis-2-carboxy- 
ethylarsine failed to give the cyclic ketone. 

Diphenyl-2-carboxyethylarsine Oxide-—When a solution of. the carboxy-arsine (1 g.) in alcohol 
(10 c.c.) was refluxed with mercuric oxide (0-72 g.; 1 mol.), oo of mercury rapidly appeared. After 
15 minutes’ heating, charcoal was added, and the filtered solution evaporated. The residue when 
crystallised from water gave the carboxyethylarsine oxide as long colourless needles, m. p. 152° (efferv.) 
(Found: C, 56-8; H, 4-55. C,,H,,0O,As requires C, 56-6; H, 47%): 1-0 g., 95%. When this oxide 
was heated, ongerenes occurred just above its m. p., and propionic acid distilled over, and was 
identified as its S-benzylthiouronium salt, m. p. 148°, unchanged by admixture with an authentic 
sample. The residue from the decomposition solidified on cooling, and consisted of diphenylarsine 
oxide, (Ph,As),O, in 98% yield: this was identified by its m. p. 7 ai and mixed), by conversion into 
the N-pentamethylenedithiocarbamate, and by oxidation to diphenylarsonous acid, which was also con- 
verted into its S-benzylthiouronium salt, colourless needles, m. p. 147° (efferv.) (Found : C, 56-0; H, 5-0; 
N, 6-8. C,,H,,0,As,C,H9N,S requires of 56-1; H, 4-9; N, 65%). 

Diphenyl-2-carboxy-n-propylarsine was similarly oxidised by mercuric oxide to the arsine oxide, 
colourless crystals from aqueous alcohol, m. p. 157—160° (efferv.) (Found: C, 58-1; H, 5-1. C,.H,,O,As 

uires C, 57-8; H, 5-1%). This oxide on heating similarly gave isobutyric acid, identified as its 
S-benzylthiouronium salt, m. p. 144° (alone and mixed), and a residue of diphenylarsine oxide. 

When diphenyl-2-carboxyethylarsine in chloroform solution was treated first with bromine (1 mol.) 
and then with hydrogen sulphide, and the residual product subjected to alkaline hydrolysis, diphenyl- 
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2-carboxyethylarsine sulphide was ultimately obtained, colourless crystals from aqueous alcohol, m. p. 
131—134° (Found: C, 53-5; H, 4-2. C,,H,,0,SAs requires C, 53-9; H, 45%). 

o-lododiphenylarsonous Acid.—This compound was prepared by gradually mixing a solution of 
phenylarsine oxide in aqueous sodium hydroxide containing some sodium carbonate with a solution 
obtained by the diazotisation of o-iodoaniline (1 mol.) with hydrochloric acid and sodium nitrite. After 
the usual working up, and repeated purification, the arsonous acid was obtained as colourless crystals 
from alcohol, m. p. 211—214° (Found: C, 37-6; H, 3-1. C,,H,O,IAs requires C, 37-1; H, 2-6%). 
It gave an S-benzylthiouronium salt, colourless crystals, m. p. 162° (Found: N, 5-0. C,,H,,O,1As,C,H,.N,S 
requires N, 5-1%). 

o-A minodiphenylarsine.—A mixture of o-nitrodiphenylarsonous acid (50 g.) and zinc dust (160 g.) 
under an atmosphere of nitrogen in a flask fitted with a reflux condenser was treated with a solution 
of mercuric chloride (4 g.) in methyl alcohol (100 c.c.). Then, whilst the mixture was kept agitated 
but not cooled, concentrated hydrochloric acid (350 c.c.) was added over a period of 24 hours. The 
mixture, still protected by nitrogen, was set aside for 2 days, ether (350 c.c.) then added, and after 1 
further day, the mixture was chilled and made strongly alkaline with 40% aqueous sodium hydroxide. 
The ethereal extract was separated, dried (potassium hydroxide), and distilled, giving the arsine as a 
colourless liquid, b. p. 140°/0-6 mm.: 17 g., 43%. It was so rapidly oxidised that neither analysis 
nor the preparation of crystalline derivatives was attempted. 

Phenyl-o-aminophenyl-2-cyanoethylarsine.—The above arsine (16-3 g.) and vinyl cyanide (6-6 c.c., 
1-5 mols.) were refluxed together for 4 hours, and the product on careful fractionation ultimately gave 
the cyano-arsine as a colourless liquid, b. p. 197—200°/0-35 mm. (Found: C, 60-1; H, 5-6; N, 9-2. 
C,,H,,;N,As requires C, 60-4; H, 5-0; N, 9-4%): 9-2 g., 46%. It slowly developed a red colouration 
on exposure to air. 
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14. Molar Refraction in Some Organic Compounds of Mercury. 
By W. K. WILDE. 


Molar refractions, computed from measurements of n}§° on organic mercurials, indicate that, 
in the series HgR, and HgRCl, contributions of Hg are 11-0 and 11-4 and of CH, 4-90 and 4-76, 
respectively. The abnormally high values for CH,, compared with the mean literature value of 
4-64, are attributed to a “ loosening ’’ of electrons owing to the proximity of the negatively- 
charged electron shells of the mercury atom. Similar effects are encountered with aromatic 
and olefinic derivatives of mercury. In the series HgRCl chain-branching produces optical 
exaltation. By consideration of the series HgR, and HgRCl, values for the Cl octet and for the 
C-Hg covalent bond are larger than those encountered in similar molecules when mercury atoms 
are absent. The ascertained value for the Cl octet progressively diminishes as R increases. 
An interpretation based on electronic configuration is advanced. 


VaLuEs of [R]p (Tables I—III) have been ascertained for organic mercurials—(a) mercury 
dialkyls HgR, (R up to octyl), (b) alkylmercury chlorides HgRCl (R up to octyl), (c) aromatic 
derivatives, and (d) olefinic derivatives—in order to establish (i) the contributions of Hg and CH, 
in the series HgR, and HgRCl; (ii) the influence of temperature on [R]p values in the series 
HgR,; (iii) the effects arising from chain-branching in HgRCl; (iv) the possible existence of 
optical anomalies in aromatic and olefinic derivatives of mercury. 

The members of the series HgR, were liquid and were measured directly. The solid 
substances, comprising the other series of mercurials studied, were measured in solution in 
suitable solvents. Table IV contains relevant data on solvents and on substances used for 
comparison. The values showed under [R],calc. in Tables III and IV are derived from 
Eisenlohr’s values (Z. physikal. Chem., 1910, 75, 585) for all except Hg, for which the value of 
11:2 (derived from results for the series HgR, and HgRCl) has been employed (see below). 

(1) Atomic constant for mercury. In the series HgR,, on plotting [R]}*° against the number 
of CH, groups (m),; the extrapolated value of [R] when m = 0 represents the constants for 
(Hg + 2H) and is 13-2 + 0-1. Eisenlohr’s value of H = 1°10 being assumed (cf. Vogel’s value 
of H = 1°028; /., 1946, 134), the constant for mercury is 11°0 + 0°1. Similarly in the series 
HgRCl, the extrapolated value when » = 0 represents (Hg + H + Cl) and is 18°5 + 0°1. 
Eisenlohr’s values of H = 1°10 and Cl = 5°97 being assumed, the constant for mercury is 
11-4 + 0°l. The mean constant for mercury from the two series is 11°2 and will be used in 
subsequent calculations. It is supported by refraction measurements of mercuric chloride in 
cyclohexanone (Table IV) : the calculated value of [R] based on Hg = 11-2 agrees well with the 
observed value. 

(2) Constant for CH,. The refraction constants for CH, in the series HgR, and HgRCl are 
represented by the slopes of the respective linear graphs referred to in (1), the respective values 
being 4°90 + 0°02 and 4°76 + 0°02. Eisenlohr obtained the mean value of 4°618, and Vogel 
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TaBLeE I. 
Molar refractions in the series HgR,.* 


(RID. 


62-116 
* Values + 0-01. 


TABLE II. 
Molar refractions, [R}i"", in the series HgRC1.* — 
Solvent. 





¢ , 


cyclo- Diff. from 
Pyridine. Hexanone. Westron. " Pyridine. m-compound. 


23-3 23-5 32-78 —0°13 
28-3 28-3 37-40 —0-12 
32-9 32-9 37-97 +0-45 
37-3 37-7 38-06 +0-54 
42-4 42-6 42-30 —0-05 
_— — 42-35 nil 
* + 0-05 in pyridine; + 0-2 in cyclohexanone and in Westron. 


' Taste III. 
Molar refractions of olefinic and aromatic derivatives of mercury. 
Optical Optical 
Compound. [R}}e".* [R], cale. anomaly. Compound. [R}}e".* [R], calc. anomaly. 
In cyclohexanone. 
Hg(CCI:CHCl), ... , ° +0-6 Hg(CCLCCl,), ... 62-1 . +2-0 
HgCl(CCI:CHC))... . ° +0-6 
In pyridine. 
+3-1 HgCl-C,H,Me (p) 
. +1:3 HgCl-C,,H, (a) ... 
HgCl-C,H,Me (0) . . +2°-5 ED ov 
- (m) ; 7 +27 
* 40-1. 


TABLE IV. 
Molar refractions of other compounds. 


Optical Optical 

Compound. [R]}§°. Accuracy. [R], calc. anomaly. Compound. [R]}%°. Accuracy. [R], calc. anomaly. 
26-16 +0-01 26-31 —0°15 +0-05 41-6 +2-4 
31-15 +0-01 31-17 —0-02 +0-05 50-42 +2-0 

C,H,Me ... 31-08 +0-01 30-93 +0-15 gCl 23-04 +0-05 23-1 +0-06 


4°647 (loc. cit.) from various homologous series of organic compounds. It is concluded that the 
presence of mercury in organic compounds causes a definite increase in the CH, constant. The 
electronic significance of this fact is discussed below. 

This new method of approach to the problem, therefore, yields a result of great significance 
in discussing the problem from the standpoint of electronic configuration. By assuming that 
the Eisenlohr value for CH, could be utilised for the first six normal members of the series 
HgR,, Jones, Evans, Gulwell, and Griffiths (J., 1935, 39) concluded that the constant for Hg 
varied between 12°28 and 13°43. But this conclusion would appear to be invalidated by the 
reported constancy of the Hg contribution (see above). 

(3) Variation of [R)p with temperature in the series HgR,. The rate of increase of [R]p with 
temperature (Table I) varies between 0°006 and 0°026% per degree, in good agreement with the 
observation that liquids generally show values between 0-005 and 0°015. 

(4) The effects of branching in the alkyl chain in the series HgRCl. From the few isomers 
examined (Table II), it would appear that iso-compounds give good agreement with n-compounds 
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whilst sec.- and ¢ert.-isomers may show exaltations of the order of 0°5c.c. These results agree 
with the general results obtained by Vogel (J., 1943, 636) using a wide range of isomeric alkyl 
halides. The exaltations are not as large as those observed in branched-chain members of the 
series HgR,, SnR,, and PbR, (Jones e¢ al., loc. cit.), since only one alkyl chain exists in the 
molecule. 

(5) Optical anomalies in olefinic and aromatic derivatives of mercury. The three olefinic 
derivatives of mercury (Table III) show respective optical exaltations of 0°6, 0°6, and 2°0 c.c. 
Since chlorine-substituted olefins do not normally show large optical anomalies, these observed 
exaltations are attributed to the presence of the mercury atom. Diphenylmercury shows an 
optical exaltation of 3-1 c.c. which is attributed to the presence of the mercury atom because 
(a) phenyl behaves normally (cf. benzene, chlorobenzene, toluene) and (5) the exaltation cannot 
be analogous to that occurring in diphenyl because the latter exaltation is due to conjugation 
passing from one ring to the other, an effect which is prevented in diphenyl mercury by the 
interposed mercury atom. Phenylmercury chloride and the three tolylmercury chlorides 
similarly show optical exaltations which must be due to the presence of mercury, since no large 
optical exaltations occur in chlorobenzene and toluene. The a-and §-naphthylmercury chlorides 
show optical exaltations of 3-9 and 4°9 c.c., respectively, compared with 2°4 c.c. in naphthalene 
itself. These increases of 1-5 and 2°5, respectively, are attributed to the presence of mercury. 

(6) Electronic aspects. The electronic interpretation of refraction of light has been. 
developed by Smyth (Phil. Mag., 1925, 50, 361) and Fajans (Ber., 1926, 59, 249) and the relevant 
octet and bond constants have been calculated. The latter author (‘‘ Physical Methods of 
Organic Chemistry ”’, Vol. I, edited by Weissberger) puts forward the following conclusions :— 
(a) Molar refraction measures the electronic polarisability of the molecule, [R] increasing as the 
electrons become more loose; (b) an electronic system is tightened by adjacent positive charges 
and loosened by adjacent negative charges; (c) when, within a given electronic system the 
nuclear charge is split, or the distribution of positive charges becomes less symmetrical, the 
electronic system is loosened (this explains the differences observed in the molar refractions of 
isomers); (d) the observed increase of molar refractions with increasing temperature is a real 
indication of the loosening of the electronic shell due to the increase of distance between the 
molecules. This effect has already been measured and discussed for the series HgR, (Table I). 

The constant for the Cl’ octet in HgRCl is given by (HgRCl — 4HgR,). From the figures 
shown in Tables I and II, the following values are obtained : 


Me. Et. Pr*. Bu*. Buf. Am". n-C,H,>. 
Cl’ octet 11-95 11-76 11-68 11-48 11-38 11-23 10-82 


Comparing these with the value of 9°07 for the detached Cl’ ion (Fajans and Joos, Z. Physik, 
1924, 23, 1), it is concluded that the chlorine octet is influenced by a neighbouring negative 
charge which loosens the system, and that the influence decreases as the chain length increases. 
It is suggested that the loosening effect is caused by the large number of orbital electrons of the 
mercury atom which screen the effect of the comparatively remote positively-charged nucleus. ., 

Meanwhile, the only other recipient of this negative-charge effect is the alkyl chain on the 
other side of the Hg nucleus. As the chain becomes longer it will absorb a larger share of the 
influence, and the refraction value of the Cl’ octet decreases steadily until presumably it reaches a 
limiting value. 

The following data support this idea: (i) the refraction constant for the Cl’ octet in mercuric 
chloride is given by 4HgCl, and equals 11°52. This value agrees well with the values in the 
series HgRCl, and proves that the high values in the latter series cannot be due to the presence 
of the alkyl chain; (ii) the abnormally high CH, values found in the series HgR, and HgRCl also 
indicate the proximity of a negative charge; (iii) Vogel (J., 1943, 638) examined numerous 
alkyl chlorides, bromides, and iodides, and obtained the respective mean CH, refraction values 
4°641, 4°646, and 4-656. As we pass from RCl——»> RBr——> RI successive shells of orbital 
electrons are added to the halogen atom, with corresponding increases in electronic looseness. 
On comparing the larger electron shells of mercury with those of bromine and iodine, the 
correspondingly larger loosening effect is readily appreciated ; (iv) the number and configuration 
of orbital electrons in lead closely resemble those of mercury. The molar refractions of the 
first few members of the series PbR, (Jones e¢ al., loc. cit.) yield CH, values by difference which 
are also abnormally high. 

The refraction value of the C’Hg covalent bond. In the dialkylmercury series this value is 
equal to [}HgR, — 3(C:H) — (m —1)CH,], where m has the usual significance. Now 
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C:H = }CH, = (}C + H) = 1°70 with Eisehlohr’s constants, and CH, = 4°90 in this series. 
Hence we obtain the following C-Hg bond values : 


Et. Pr. Bu*. Am*. n-C,Hyj>. 
Bond value 6-37 6-33 6-24 6-42 6-38 


The mean value is 6-3 + 0°1 and does not vary with chain length. Comparing this with the 
C-C single-bond value of 1°21, it is concluded that the two electrons in the C-Hg bond are 
extremely loose. This fact also points to the presence of a neighbouring negative influence 
and is satisfactorily explained by the “‘ screening ’’ effect mentioned above. 

The olefinic and aromatic derivatives. These compounds (Table III) may also be considered 
electronically. 

(a) In 1: 2-dichlorovinylmercury chloride (s-dichloroethylene ‘mercurichloride) the 
refraction constant of the Cl’ octet is given by (37°4 — 4 x 51°0) = 11°9, in good agreement 
with the corresponding constants in the series HgRCl. 

(6) An estimation of the C-Hg bond value in bis-1 : 2-dichlorovinylmercury (mercury bis-s- 
dichloroethylene) can be made on the assumption that the other links have their normal values : 


CiHg = } x 51-0 — 2 Cl’ octets — (C:H) — (CC) 
= 25°5 — (2 x 6°57) — 1°70 — 4:15 = 65 


which agrees well with the mean value for the series HgR, (above). 
(c) In bistrichlorovinylmercury (mercury bistrichloroethylene), the C:Hg bond constant is 
given by 
4 x 62°1 — 3CI’ octets — (CC) 
= 31°05 — (3 x 6°57) — 4°15 = 62 


which agrees well with the mean value for the series HgRg. 
(ad) The Cl’ octet constant in phenylmercury chloride is given by HgPhCl — 4(HgPh,) and 
equals 11°35, which agrees well with corresponding values in the series HgRCl. 


EXPERIMENTAL. 


Physical Measurements.—Refractive indices of the purified liquids and solutions were measured with a 
Bellingham and Stanley Abbé refractometer reading to 0-0001 at a temperature controlled to within 
+0-1°. Illumination was from a sodium lamp. With pure liquids, readings were taken at various 
temperatures between 10° and 25° from which n*®°, n°", and du/d@ were evaluated. 

When examining solutions, the prisms were maintained at 15-0° continuously. After 3 minutes, 
three successive readings were made at 2-minute intervals. The fact that the 3 readings were identical 
proved that the solution was at constant temperature, and that the solvent was not evaporating 
appreciably. A special entrance duct made it unnecessary to open out the prisms when charging them 
with solution, and charging was effected very rapidly by means of a glass tube. As a further check, 
after one set of observations had been taken, the prisms were opened, cleaned, dried, closed, and charged 
with another portion of the solution; a reading was taken after 3 minutes in order to check the previous 
3 readings. 

Densities were measured by a glass pyknometer, capacity approximately 5 c.c., calibrated with 
redistilled water and pure benzene. 

Mercury Dialkyls.—Dimethylmercury. 15 Lb. of 0-40% sodium amalgam were placed in a 2-l. 
aspirator bottle which was placed with its axis horizontal in a sink. The opening at the top of the 
bottle was securely stoppered with a rubber bung and the side opening was fitted with a reflux condenser. 
80 G. of methyl] iodide and 10 g. of ethyl acetate were added down the condenser. The reaction took 
place briskly, and the bottle was initially kept cool with a stream of running water. After 12 hours the 


TABLE V. 


Compound. 
HgPh, Hg(CCICHC1), 
HgPhCl HgCl(CCICHC]I) 
HgCl-C,H,Me (0)... Hg(C€l:CCl,), 
m eee 
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TaBLeE VI. 
W3. W,. n. 


Solvent : pyridine. 


3-6828 9-2476 1-5281 
2-0387 11-3162 1-5201 
2-4296 8-4859 1-5223 
2-6248 9-4850 1-520% 
1-1721 6-7909 1-5172 
1-2493 9-5260 1-5142 
0-8463 9-3652 1-5133 
1-1582 7-5390 1-5188 
2-0358 7-7867 1-5198 
3-2586 10-0133 1-5236 
1-0930 9-0166 1-5171 
1-3645 9-4871 1-5161 
0-8965 8-1131 1-5163 


Solvent : cyclohexanone. 


20-067 1-4575 1-0064 

42-644 1-4550 0-96174 
13-759 1-4577 0-99955 
38-422 1-4550 0-96290 
20-805 1-4559 0-96554 


Solvent : Westron. 


1-5004 1-6439 251-09 23-46 
1-4991 1-6249 265-11 28-28 
1-4996 1-6313 279-13 32-89 
1-4990 ' 1-6226 293-15 37-68 
1-4988 1-6190 307-17 42-58 


. n. p- M,. [Rls. 
Hg(CCI°CHC]l), , . 1-4742 1-1488 392-45 50-94 


1-4662 1-0680 392-45 51-05 
HgCl(CCI:CHCI) . . 1-4637 1-0510 331-99 37-43 
1-4583 0-9934 331-99 37-34 

1-4728 1-1160 461-35 62-08 

1-4654 1-0486 4° 1-35 62-22 

15317 1-1037 354-17 64-53 

1-5374 11386 354-17 64-70 

1-5366 1-1347 354-17 64-78 

HgPhCl . . 1-5282 1-1160 313-11 43-72 
HgCl-C,H,Me (0) . . 1-5318 1-1463 327-13 49-66 
1-5191 1-0375 327-13 49-40 
1-5192 1-0393 327-13 49-66 

1-5172 1-0263 327-13 49-73 

1-5263 1-0997 327-13 49-36 

1-5224 1-0656 327-13 49-23 

1-5298 1-0825 363-13 61-72 

1-5183 1-0198 363-13 61-59 

‘ . 15209 1-0325 363-13 62-61 
15140 0-99542 363-13 62-65 


Solute. Solvent. . . n. p. M3. [R}-. 


CioH, ... cycloHexanone . ° 1-4851 0-96458 128-06 44-16 
Westron : “ 1-5198 1-5019 128-06 43-96 

9 1-5128 1-5356 128-06 43-95 

Toluene , . : 1-5124 0-88702 128-06 44-18 

Ph-Ph ... cycloHexanone . . 1-4763 0-96036 154-08 52-56 
Pyridine . . 1-5323 0-99630 154-08 52-38 

Quinoline . . 1-6280 1-0863 154-08 52-36 

HgCl, ... cycloHexanone © . 1-4779 1-2366 271-52 23-11 
” ‘ 15-0182 1-4801 1-2688 271-52 22-98 


Liquid. nis p”. A [R]. Liquid. nid", p”. M. [R]. 
Benzene 1-5044 0-88400 78-05 26-16 Pyridine 1-5121 0-98670 79:05 24-04 
Chlorobenzene 1-5275 1-1112 112-50 31-15 a same 1-6287 1-0967 129-06 41-80 
Westron 1-4977 1-6066 167-84 30-60 oluene 1-4988 0-86940 92:06 31-08 
cycloHexanone 1-4541 0-94840 98-08 28-76 
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reaction was complete, and the whole mass was white and solid, owing to formation of sodium iodide. 
The mercury was poured off, and the residue shaken with a large volume of water and ted. The 
lower layer was shaken repeatedly with water, 2N-sodium hydroxide, and then water until clean. After 
standing overnight over anhydrous sodium sulphate the liquid was distilled under reduced pressure. 
The middle fraction was collected and refractionated to constant refractive index; yield (crude), 45 g. 
(65%); b. p. 92°; m8 1-5480, n° 1-5452, dn/d@ = —0-00057; P 3-2029, p®*” 3-1874, dp/d@ = —0-0031. 

Diethylmercury. This was similarly prepared from 15 lb. of 0-39% sodium amalgam, 300 g. of ethyl 
iodide, and 40 g. of ethyl acetate. The reaction was complete after 24 hours; yield (crude) 168 g. 
(67%); b. p. 69°/26 mm.; n™® 1-5513, n°” 1-5487, dn/d@ = —0-00053; p'® 2-5221, p*® 2-5107, 
dp/dé = —0-0023. 

Di-n-butylmercury. With 16 lb. of 0-40% sodium amalgam, 112 g. of n-butyl iodide, and 24 g. of 
ethyl acetate, reaction was complete after 3 days; yield (crude) 61 g. (64%); b. p. 105°/7 mm.; 
n'®* 1-5104, n®° 1-5081, dn/d@ = —0-00047; p'® 1-8090, p®” 1-8010, dp/d@ = —0-0016. 

Diisobutylmercury. Similarly prepared, this had b. p. 82°/10 mm.; m** 1-4988, n°” 1-4966, dn/d@ = 
—0-00045 ; p'® 1-7755, p” 1-7666, dp/d@ = —0-0018. / , 

Di-n-amylmercury. This compound had b. p. 157°/19 mm.; ® 1-5006, n° 1-4986, dn/d@ = 
—0-00042 ; p'®" 1-6221, p” 1-6153, dp/d@ = —0-0014. 

Di-n-propylmercury. To the Grignard reagent prepared from n-propyl chloride (67 g.), magnesium 
(20 g.), and ether (750 c.c.) was added dry mercuric chloride (116 g.). The mixture was stirred with 
water, separated, and dried (Na,SO,). The ether was distilled off, and the product fractionated under 
reduced pressure to constant refractive index; yield before fractionation, 80 g. (65%); b. p. 
106—-110°/11 mm. ; 2! 1-5213, n°” 1-5190, dn/d@ = —0-00048 ; p™®" 2-0578, p®” 2-0484, dp/d#@ = —0-0019. 

Di-n-octylmercury. The preparation was analogous to the preceding one. As the product could not 
be distilled, it was purified by removal of impurities by heating to 110°/4 mm. on a brine bath to constant 
refractive index; n° 1-4900, n°” 1-4880, dn/d@ = —0-00040; p!*° 1-3483, p®”° 1-3431, dp/d@ = —0-00010. 

Alkyl Mercurichlorides.—To a solution of the dialkylmercury in cold ethanol, a solution of the 
calculated amount of mercuric chloride in cold ethanol was added. After a few seconds, the product 
separated as a white crystalline precipitate, which was filtered off, washed with cold ethanol, and 
recrystallised from hot ethanol to constant m. p. The crystals were dried by air current at the pump. 
The corrected m. p.s are given in Table V. 

Aromatic and Olefinic Derivatives.—These were all supplied in a highly purified condition by 
Mr. M. FitzGibbon of Messrs. Lunevale Products, Ltd., Lancaster. Corrected m. p.s are shown in 
Table V. The three olefinic derivatives have been described by FitzGibbon (J., 1938, 1218). 

On refluxing mercuric acetate, benzene, and glacial acetic acid for a few hours, phenylmercury acetate 
is formed which, on the addition of concentrated aqueous sodium chloride, precipitates the chloride. 
The latter reacts with thiourea to give diphenylmercury. 

The compounds HgXCl (X = o-, m-, and p-tolyl, and a- and B-naphthyl) were prepared from X-NH, 
by diazotisation and addition of mercuric chloride, forming X°N,Cl,HgCl,, which reacts with copper 
powder in ethanol, yielding HgXCl, nitrogen, and cuprous chloride. 

The solvents were purified by fractional distillation to constant refractive index. Naphthalene was 
purified by sublimation to constant m. p. (80°), and diphenyl was recrystallised from ethanol to constant 
m. p. (70-5°). Mercuric chloride was purified by repeated sublimation. 

Calculation of Molar Refractions of Solids in Solution.—The molar refraction of the solution is 
measured and the contribution of the solvent is subtracted from it. Then it may be shown that 


M,[n*—1 W,+W, 2-1 W, 


[Rh = Wy, m+ 2° p 849 + 2” py. 





where » and p refer to the solution, ,, p,, and W, to the solvent, and [R],, m,, and W, to the solute 
W = mass of substance used; M = molecular weight). This reasoning assumes that the molar 
contributions of solute and solvent are strictly additive, but it has been shown by Smyth, Engel, and 
Wilson (J. Amer. Chem. Soc., 1929, 51, 1736) that this assumption is correct for molecules which do not 
exert strong forces on each other, and deviations are not usually more than a few hundredths of a unit. 

It was found necessary in this investigation to choose each solvent in conformity with the following 
limitations : (i) The volatility must not be too great at room temperature. (ii) It must not react with or 
allow ionisation of the solute. (iii) It must not be strongly polar. (iv) It must dissolve the solute 
appreciably ; the above expression is of the type [R], = X (y — z), and as the solution is diluted, (y — z) 
becomes smaller and * becomes larger, so that any error in y and/or z causes continuously larger 
proportional errors in the value of [F],. 

The following solvents were used : pyridine, cyclohexanone, Westron, toluene, and quinoline. 

Individual experimental readings are given in Table VI. The accuracies of the results stated in 
Tables I—IV have been estimated assuming a maximum error of + 0-0001 in the reading of n. 


The author wishes to express his gratitude to Mr. M. FitzGibbon for supplying samples of many of the 
organic mercurials used, and to Dr. W. Rogie Angus for helpful discussion. 
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15. The Synthesis of Derivatives of 5: 6-Dihydroxyindole. Part I. 
5 : 6-Methylenedioxyindole and its 2-Methyl Derivative. 


By H. Burton and (Miss) J. A. DUFFIELD. 


6 : B-Dinitro-3 : 4-methylenedioxystyrene and its B-methyl derivative undergo reduction in an 
acidic medium, with loss of ammonia, yielding 5 : 6-methylenedioxyindole and its 2-methyl 
derivative, respectively. The indoles can be converted by suitable treatment with dry pyridine 
hydrochloride into the corresponding dihydroxy-derivatives, but the yields are not good. 


MeEtHops of preparation of indoles, apart from the Fischer synthesis, generally involve the ring 
closure of suitably substituted ortho-derivatives of benzene. We have investigated (cf. 
Nenitzescu, Ber., 1925, 58, B, 1063; van der Lee, Rec. Trav. chim., 1925, 44, 1089) the generality 
of the method whereby suitable 2(6) : B-dinitrostyrenes are reduced, since the corresponding 
diamino-derivatives are the postulated intermediates * in the Robinson mechanism (j., 1924, 
125, 827) of the Fischer indole synthesis. 

_ 6: B-Dinitro-3 : 4-methylenedioxystyrene (I; R = H) was obtained either by condensation of 
6-nitropiperonal with nitromethane or by nitration of {-nitro-3 : 4-methylenedioxystyrene. 
6 : B-Dinitro-3 : 4-methylenedioxy-B-methylstyrene (I; R = Me) was likewise formed either from 
6-nitropiperonal and nitroethane or by nitration of f-nitro-3 : 4-methylenedioxy-B-methylstyrene. 


CH:CR-NO, 


A\xo \ 
(I.) ‘< , Ow. (II.) 
Hy H | 


When either of these dinitrostyrenes was reduced by iron and a catalytic amount of 
hydrochloric acid in an aqueous-alcoholic medium, there was a slow evolution of ammonia and 
the soluble product gave an immediate red coloration with Ehrlich’s reagent in the cold, 
indicating, as expected, formation of the substituted indoles (II).. Since this reduction occurred 
too slowly to be useful, the dinitrostyrenes were reduced in aqueous acetic acid, and the resulting 
5 : 6-methylenedioxy- (II; R= H) and 5: 6-methylenedioxy-2-methyl-indole (II; R= Me), 
respectively, were isolated in good yield. : 

Preliminary experiments on the demethylenation of these indoles by dry pyridine 
hydrochloride have been carried out. Originally, no attempts were made to isolate the 
dihydroxyindoles as such, since we had surmised that aqueous sodium hydroxide extracts of the 
reaction products would, in the presence of atmospheric oxygen, give rise to melanins. The 
significance of melanin formation from 5 : 6-dihydroxy-2-methylindole has been referred to by 
one of us (Chem. and Ind., 1948, 313) in connexion with the structure of tyrosinemelanin. 

5 : 6-Dihydroxyindole, m. p. 140° (decomp.) (soft-glass tube f), and 5: 6-dihydroxy-2- 
methylindole, m. p. ca. 180° (decomp.) (soft-glass tube f), have both been synthesised by the 
above procedures and also (cf. Robertson et al., Nature, 1948, 161, 525) starting from the 
appropriate 6 : B-dinitro-3 : 4-diacetoxystyrenes. We defer publication of these results as we are 
also investigating two other methods of synthesis of both compounds (see Nature, 1948, 161, 725). 


EXPERIMENTAL. 


B-Nitrostyrenes.—Preliminary experiments by one of us and Dr. C. W. Shoppee in 1934 indicated 
that, for simple p-hydroxybenzaldehydes, condensation with nitromethane was best effected with either 
methylamine or aniline. For p-alkoxybenzaldehydes and related compounds, rapid condensation was 
effected with alcoholic potassium hydroxide (cf. Remfry, J., 1911, 99, 282). 

Piperonal or 6-nittopiperonal (0-2 mol.) dissolved in alcohol (10 c.c. per 1 g. of aldehyde) was cooled 
to —5°, the nitroalkane (0-3 mol.) added, and the mixture treated with an ice-cold solution of potassium 
hydroxide (0-4 mol.) in water (2 c.c. per 1 g.) and alcohol (20 c.c. per 1 g.) which was added gradually 
with stirring. After 15—30 minutes, a test portion was acidified with hydrochloric acid and if a 
precipitate was obtained (A), the whole of the product was worked up. When an oil (or only a small 
amount of solid) separated, the reaction mixture (B) was kept below 0° for at least 18 hours and then 
acidified. The solid product was filtered off, and the filtrate extracted thrice with ether. The combined 
ethereal extracts were washed with aqueous sodium hydrogen sulphite (thrice) and then with water, 


* We suggest that rearrangement of, e.g., acetone phenylhydrazone might equally well give a 
tetrahydrocinnoline, o-C,H, + ama which could then undergo loss of ammonia (cf. Atkinson and 
Simpson, J., 1947, 1649) to yield 2-methylindole. 

- We anticipate that both dihydroxyindoles will have higher m. p. in alkali-free glass tubes as both 
undergo ready atmospheric oxidation (to melanins) in the presence of alkali. 
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dried (Na,SO,), and evaporated. To the liquid or semi-solid residue was then added an equal weight of 
anhydrous sodium acetate and three times its weight of acetic anhydride, and the mixture was brought 
to the boil. The slight exothermic reaction was allowed to subside, and the product treated with water; 
the solid B-nitrostyrene was thus obtained. 

B-Nitro-3 : 4-methylenedioxystyrene (A), yellow needles from acetic acid, m. p. 159°, was prepared 
in 40—50% yield. 

6 : B-Dinitro-3 : 4-methylenedioxystyrene (A), yellow prisms from alcohol, m. p. 118° (Found: 
N, 12-0. C,H,O,N, requires N, 11-8%), obtained from 6-nitropiperonal in 20% yield, was better 
obtained by adding cold nitric acid (d 1-5) (15 c.c.) to a suspension of 2’-nitro-3 : 4-methylenedioxy- 
styrene (5 g.) in cold acetic acid (25c.c.) so that the temperature did not rise above 0°. Dilution with 
water and crystallisation from alcohol gave the 6 : £-dinitro-derivative (yield 83—100%), m. p. and 
mixed m. p. 118°. 

B-Nitro-3 : 4-methylenedioxy-B-methylstyrene (A, B), fine yellow needles from alcohol, m. p. 95° 
(Found: C, 58-3; H, 4-6; N, 6-8. C,9H,O,N requires C, 58-0; H, 4-4; N, 6-8%), was prepared from 
piperonal in 33% yield. 

6 : B-Dinitro-3 : 4-methylenedioxy-B-methylstyrene (A, B), yellow needles from alcohol, m. p. 155° 
(Found: C, 47-4; H, 3-2; N, 11-3. CyH,O,N, requires C, 47-6; H, 3:2; N, 11-1%), was 
better prepared in 94% yield from f-nitro-3 : 4-methylenedioxy-B-methylstyrene (13 g.) in acetic acid 
(65 c.c.) with fuming nitric acid (39 c.c.), the mixture being kept at 0° for 3 hours before dilution with 
water. The product had m. p. and mixed m. p. 155° after crystallisation from alcohol. 

5 : 6-Methylenedioxyindole (II; R = H).—6: B-Dinitro-3 : 4-methylenedioxystyrene (4 g.) was 
dissolved in boiling 80% acetic acid (80 c.c.). To the hot (not boiling) solution, iron powder (20 g.) was 
added in portions to maintain a steady ebullition and until the reddish-brown colour which at first 
developed disappeared. The solution was then decanted into aqueous sodium hydrogen sulphite 
(100 g. in 500 c.c.) in a large separating funnel, and the mixture well shaken. The resulting mixture, 
containing much suspended solid, was extracted with ether until the extract gave a negative Ehrlich’s 
reaction. The combined ethereal extracts were dried (Na,SO,) and evaporated. The crude indole 
(2-2 g.) crystallised from light petroleum (b. p. 40—60°) in colourless clusters of needles, m. p. 110° (Found : 
C, 67-9; H, 4:5; N, 8-6. H,O,N requires C, 67:1; H, 4-4; N, 8-7%), which gave an immediate 
blue-red colour with cold Ehrlich’s reagent. 

Reductions using alcoholic acetic acid or aqueous alcoholic acetic and hydrochloric acids were not so 
satisfactory. 

5 : 6-Methylenedioxy-2-methylindole (II; R = Me).—Similar reduction of 6 : B-dinitro-3 : 4- 
methylenedioxy-8-methylstyrene gave the crude indole in almost quantitative yield. Recrystallisation 
from light petroleum gave colourless needles, m. p. 150° (Found: N, 8-0. C,)9H,O,N requires 
N, 80%). The indole gave an immediate bright red colour with cold Ehrlich’s reagent, and showed a 
marked tendency to turn pink. 


K1nG’s COLLEGE OF HOUSEHOLD AND SociaL ScIENCE, W.8. (Received, April 9th, 1948.] 





16. The Condensation of 2:4: 5-Triamino-6-hydroxypyrimidine with 
Glucose and Fructose. 


By H. S. Forrest and JAMES WALKER. 


Condensation of 2: 4: 5-triamino-6-hydroxypyrimidine (II) with glucose and fructose in 
the presence of hydrazine affords in both cases 2-amino-6-hydroxy-8-p-arabotetrahydroxy- 
butylpteridine (IV). Proof of this constitution- follows by degradation of the side-chain to a 
carboxyl group and identification of the products with 2-amino-6-hydroxypteridine-8- 
carboxylic acid (X). In the absence of hydrazine, glucose and (II) afford the isomeric 
2-amino-6-hydroxy-9-D-arabotetrahydroxybutylpteridine (III). Glucosone and (II) afford 
(IV) in the presence of hydrazine and (III) in its absence. xperiments bearing on the possible 
biogenesis of pteroic acid (V) from reductone are recorded. No evidence was obtained of 
the formation of (V) under the conditions used but evidence indicating the formation of its 
9-isomer resulted. 


2-TETRAHYDROXY-M-BUTYLQUINOXALINE (I) has been obtained by thecondensation of o-phenylene- 
diamine with glucose (Griess and Harrow, Ber., 1887, 20, 2207), with fructose (Ohle, Ber., 1934, 
67, 155), or with glucosone (Fischer, Ber., 1889, 22, 92), and the optimal conditions for the 
preparation of (I), using either glucose or fructose, have been established by Ohle and Hielscher 
(Ber., 1941, 74, 13), who effected condensation in the presence of hydrazine, or phenylhydrazine, 
and boric acid. It appeared to us desirable to extend the scope of this condensation to 
o-diamines of the pyrimidine series, especially 2 : 4 : 5-triamino-6-hydroxypyrimidine (II), for 
two main reasons. In the first place, the tetrahydroxybutyl side-chain in the resulting 
compounds, (III) or (IV), would be amenable to further chemical manipulation bearing on the 
synthesis either of substances of the folic acid group or of antagonists to these compounds. In 
the second place, condensation of (II) with readily available hexoses appeared to us to be worthy 
of investigation since the formula of pteroic acid (V) can be broken up’into three parts, one of 
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which (B) may be derived biogenetically from a triose, (A) being common to (V) and to guanine, 
and (C) being p-aminobenzoic acid. 


N N 
7 | \ NH, N\NH, NH, pe yy (CH-0n), CH, OH 
J Oe Hy OH NH A} 


AN 2 
(I.) Vi (II.) 


-(CH-OH]},‘CH,-OH 
, N * of bate | 


(IV.) 


When the conditions developed by Ohle and Hielscher (loc. cit.) for the preparation of (I) 
were applied to (II), glucose afforded a product (VI), having [«]?° approximately —81-5° in 
n-hydrochloric acid or in n/10-sodium hydroxide solution, while fructose afforded a substance 
(VII) with a slightly higher specific rotation, [«]?° approximately —86-6°, under the same 
conditions. At this point, a paper by Karrer, Schwyzer, Erden, and Siegwart appeared (Helv. 
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Chim. Acta, 1947, 80, 1031) describing the condensation of (II) with a variety of simple sugars 
using less elaborate conditions than ours and in the absence of hydrazine. Their product from 
glucose had [a«]?#° —68-93°, and their product from fructose had [a«]??° —46-0°, both in 
n/10-sodium hydroxide solution; these figures are significantly different from ours particularly 
in the case of the product from fructose.* Although final conclusions were not reached, Karrer 
and his collaborators considered their products from glucose and fructose to be respectively 
(III, or IV ?) and (IV, or III ?), the constitution of their product from glucose being indicated 
as (III) with some degree of certainty. The lack of concordance between the respective specific 
rotations recorded by the Swiss authors and our own observed values led us to repeat our own 
work and we have fully confirmed our own observations. In spite of the slight difference in the 
optical rotations of (VI) and (VII), these substances gave identical ultra-violet absorption spectra 
in N/10-sodium hydrexide solution (see Fig.), their X-ray powder diffractions pattern (Plate, a) 
showed good agreement, and they were shown to be substantially the same compound, 2-amino- 
6-hydroxy-8-p-avabotetrahydroxybutylpteridine (IV), by oxidative degradation. On treatment 
with periodic acid, (VI) and (VII) afforded aldehydes, yielding acids (VIII) and (IX) on further 
oxidation. Alternatively, (VI) and (VII) could be oxidised directly to (VIII) and (IX). The 
acids (VIII) and (IX) were shown to correspond closely with 2-amino-6-hydroxypteridine- 
8-carboxylic acid (X), obtained by aerated alkaline hydrolysis of (synthetic) liver Lactobacillus 
casei factor (Stokstad et al., Ann. N.Y. Acad. Sci., 1946, 48, Art. 5, 269), and to be distinct from 


* Note added in Proof, December 16th, 1948.—Since this paper was submitted; Karrer and Schwyzer 
(Helv. Chim, Acta, 1948, 31, 782), referring to our preliminary note, have revised the specific rotations for 
their products from glucose and fructose, substituting — 72° and — 75-1° respectively ; there is no indication 
that the latter figure is maximal since their substance had [a]p — 62° after the third (penultimate) 
crystallisation. 











Plate a: top half (VII) : bottom half (V1). 


Plate b: Top half, disodium salt of (IX) ; bottom half, disodium 
salt of (X) [from (synthetic) liver L. casei factor). 


Plate c: Top half, disodium salt of (X) [from (synthetic) liver L. casei factor]; bottom half, 
disodium salt of (XI) (from 2-amino-6-hydroxy-9-methylpteridine). Photographs taken 
on cylindrical camera, radius 3 cm. using filtered Cu-Ka radiation (A 1-54a.). 


[To face p. 80. 








[1949] 2:4: 5-Trniamino-6-hydroxypyrimidine, etc. 8] 


2-amino-6-hydroxypteridine-9-carboxylic acid (XI), obtained by oxidation of 2-amino- 6-hydroxy- 
9-methylpteridine (Mowat e# al., ibid., p. 279), by their ultra-violet absorption spectra, those of 
(VIII), (IX), and (X) showing maxima between 261 and 262 my with e of 16,600—16,870, and 
the corresponding band of (XI) being found at 258 my with e¢ of 16,580. Furthermore, the 
disodium salts of (VIII), (IX), and (X) in aqueous solution all showed the same intense sky-blue 
fluorescence, while that of (XI) showed a bright green fluorescence in ultra-violet light. X -Ray 
powder diffraction patterns of the disodium salts of (IX) and (X) showed good agreement 
(Plate, b), while that of the corresponding salt of (XI) was quite distinctive (Plate, c). 


N, N. 
- nu, ( Neo " =X \\co,H = 
N * ie “ 7 ) 


The product formed from glucose under conditions comparable with those used by Karrer 
et al. (loc. cit.) has been found to be the 9-isomer (III), by oxidation to (XI), and we have also 
obtained the same product by the condensation of glucosone with (II) at pH 3°5 and subsequent 
oxidation; in these observations we are in agreement with Petering and Weisblat (J. Amer. 
Chem. Soc., 1947, 69, 2566), who have recently shown also that the orientation of the products 
produced in these two condensations depends upon the pH of the reaction medium, recalling 
the formation of isoxanthopterincarboxylic acid from (II) and mesoxalic ester in dilute acetic 
acid and of xanthopterincarboxylic acid in 2N-sulphuric acid (Purrmann, Annalen, 1941, 548, 284). 
We have also found that in the presence of hydrazine, but not in the presence of boric acid 
alone, glucosone reacts with (II) to give the 8-isomer (IV), and we do not ascribe this result to 
the slight elevation of the pH of the reaction mixture above that obtaining in the absence of 
hydrazine. In all our experiments with the two hexoses and glucosone, (II) was used as the 
sulphate in the presence of an equivalent amount, or a slight excess, of sodium acetate, so that 
condensation was usually effected in the pH region of 3-5—5, i.e. in the acetate buffer range. 

Among the aminopyrimidines, 4-aminopyrimidines are stronger bases than 5-amino- 
pyrimidines (Gabriel and Colman, Ber., 1899, 32, 2929; ibid., 1901, 34, 1237), which can be 


ascribed to stabilisation of the 4-kation by resonance of the amidinium type, represented in the 
case of (II) as 


H H 

NH, Ne 2 —" NH, N j™ H,® 

Ny NH, if NH, 

H H 
and recalling the greater basicity of 2-amino-pyridine and -quinoline in comparison with the 
corresponding 3-isomers (Albert and Goldacre, Nature, 1944, 158, 467). The greater electron 
availability at the 5-amino-group, however, makes this position the point of nucleophilic activity 
in 4 : 5-diaminopyrimidines with the result that a 5-amino-group is acylated in preference to a 
4- (or 2-)amino-group (Isay, Ber., 1906, 89, 257; Levene and Senior, J. Biol. Chem., 1916, 25, 
617). At low values of pH, when a bivalent kation is formed, the nucleophilic activity of the 
5-amino-group will be depressed leading to variable behaviour under such conditions as shown 
by Petering and Weisblat (loc. cit.) and by Purrmann (loc. cit.). In the experiments with the two 
hexoses described in the present paper, (II) is doubtless present in the form of a univalent 
kation and it remains to interpret, in both cases, how the 2-position in the sugar chain becomes 
attached to the nitrogen atom of the 5-amino-group in the formation of (IV). At first sight this 
does not appear to be difficult in the case of fructose and the réle of hydrazine would appear to be 
a minor one but for the fact that significant yields of (IV) cannot be obtained in its absence. In 
the case of glucose one could postulate that glucosealdazine (XII) (Davidis, Ber., 1896, 29, 2308) 
undergoes an Amadori type of rearrangement to the hydrazine (XIII), which then reacts with 


H:N-N:CH H,-NH-NH-‘CH, 
(XII.) Giron H-OH fe) O (XIII) 


(II) to give (IV), recalling the facile formation of osazones from N-arylisoglycosamines 

(Weygand, Ber., 1940, 78, 1289). Ohle and Hielscher (/oc. cit.), rejecting Weygand’s suggestion 

(loc. cit., p. 1268) that (I) is formed from o-phenylenediamine and glucose by way of o-amino- 

phenylglucoside, Amadori rearrangement, ring-closure, and dehydrogenation, believed 

glucosephenylosazone to be hydrolysed giving glucosone as the substance combining directly 

with o-phenylenediamine to give (I). This view also is untenable in the light of the experiments 
G 
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described in the present paper, where glucosone in the absence of hydrazine gives (III) with (II) 
and glucose and fructose in its presence afford (IV) under comparable conditions of pH. Taking 
as precedent the relatively facile reduction of glucosephenylosazone to isoglucosamine 
(l-amino fructose) (Fischer, Ber., 1886, 19, 1920; Maurer and Schiedt, ibid., 1935, 68, 2187), 
when the phenylhydrazine residue in the 1-position undergoes hydrogenolysis between the two 
nitrogen atoms while that in the 2-position undergoes hydrolysis, indicating the greater 
susceptibility on the part of the latter residue to ejection by a nucleophilic reagent, we prefer to 
depict the condensation of (II) with glucose and fructose in the presence of hydrazine as 
proceeding through a common intermediate (XIV) in the following manner. 


. ie 
,NH 
NH JNy J . H:N“N< 


4 “nn + GNN< H:N-N< 
NH, (XIV.) NH—C-NH'N< 


_—> 
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H, 
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In a preliminary note (Nature, 1948, 161, 308), the present authors have tentatively suggested 
that either 3-phosphoglyceraldehyde or phosphodihydroxyacetone might function as a triose 
intermediate in the biogenesis of pteroic acid (V). There is evidence to show that many bacteria 
can synthesise (V) (Sarett, J. Biol. Chem., 1947, 171, 265) and in some cases this has been related 
to the p-aminobenzoic acid content of the medium (Mayer, Science, 1943, 98, 203; Mills et al., 
Proc. Soc. Exp. Biol. Med., 1944, 56, 240). Recent findings also indicate that sulphonamides 
inhibit the synthesis of (V) from p-aminobenzoic acid in the case of enterococci (Lampen and 
Jones, J. Biol. Chem., 1946, 166, 435). In this connection, the suggestion by O’Meara, McNally, 
and Nelson (Nature, 1944, 154, 796; Lancet, 1947, ii, 747) that reductone (XV), 
CHO-C(OH):CH(OH), may be the strongly reducing, non-sulphydryl, substance formed in 
bacterial cultures during the logarithmic phase of growth and that the condensation product 
(XVI) of (XV) with p-aminobenzoic acid, but not free p-aminobenzoic acid, can act as a source 
of energy for growth of streptococci, suggested to us that (XV) might indeed be a triose 
intermediate involved in the biosynthesis of (V). The mechanism of sulphonamide 
bacteriostasis could then be interpreted in terms of the diversion of (XV) from the synthesis of 
(V) to the synthesis of biologically inactive derivatives with the sulphonamide drugs. 
Furthermore, (XV) is already in the correct state of oxidation for direct combination with (II) 
and p-aminobenzoic acid to give (_V). We have carried out a considerable number of experiments 
to test this hypothesis covering a wide range of pH. In each case the product was oxidised 
directly and, while (XI) has been regularly identified by its ultra-violet absorption spectrum in 
alkaline solution and by the characteristic fluorescence of its sodium salt in aqueous solution, we 
have failed to demonstrate so far the production of (X), and hence of pteroic acid (V).* In 
the formation of the isomeride (XVII) of (V) from the condensation product (XVI) of 
reductone with p-aminobenzoic acid and (II), the course of the reaction may be depicted 
as follows : 


Fe 
~~ ‘CH-NHR Ny" 
H:NR ‘oq ‘CH‘NHR —> 
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(XVI) H-NHR 


N 
» NHS \CHyNHR Oxide. . 
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a 4 R-NH, (XVIL.) 


R=-—€_Scoy 


* Note added in Proof, December 16th, 1948.—Conditions have now been found for the synthesis of 
ne aeid and related compounds from reductone (Forrest and Walker, Nature, 1948, 4 > wan Ja 
orthcoming communication; Angier et al., J. Amer. Chem. Soc., 1948, 70, 25). 
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EXPERIMENTAL. 


2-A mino-6-hydroxy-8-D-arabotetrahydroxybutylpteridine (IV).—(A) From glucose. To a solution of 
lucose monohydrate (20 g.) in water (180 c.c.), hydrated sodium acetate (27-2 g.), boric acid (12 g.). and 
: 4: 5-triamino-6-hydroxypyrimidine sulphate (25-7 g.) were added in that order. Air was removed 
from the resulting suspension by displacement with nitrogen, hydrazine hydrate (10 c.c. of 50%) was 
added, and the mixture, through which nitrogen was bubbled continuously, was heated on the water-bath 
for 5 hours. It was then cooled and the precipitate (18 g.) was collected and dried. Recrystallisation 
from 20% acetic acid (norite) afforded a yellow microcrystalline solid (Found, on material dried at 110° 
in a vacuum: C, 42-5; H, 5-2; N, 24-9. Calc. for C,,H,,;0,N,: C, 42-4; H, 4-6; N, 24-7%). 

The substance (VI) could also be recrystallised from n/10-hydrochloric acid or from 10% aqueous 
glycerol. The average, optical rotatory power for a number of different preparations, each recrystallised 
several times, was [a]?” —81-5° in N-hydrochloric acid. 

(B) From fructose. When fructose (18 g.) was substituted for glucose in the above process, a similar 
product (17 g.) was obtained. The substance (VII) could likewise be recrystallised from the same 
solvents and behaved in the same manner, separating as a yellow microcrystalline solid (Found, on 
material dried at 110° in a vacuum: C, 42-5; H, 4-9; N, 24-4%). 

The average optical rotatory power for a number of different preparations, each recrystallised several 
times, was [a]? —86-6° in N-hydrochloric acid. . 

It is likely that the substance obtained by Karrer et al. (loc. cit.) from fructose, having [a]??” —46-0° in 
n/10-sodium hydroxide solution, was an impure specimen of (IV). Like urothion (Koschara, Z. physiol. 
Chem., 1943, , 44), to which (IV) probably bears some resemblance, the two substances (VI) and 
(VII) gave products soluble in organic solvents on acetylation in pyridine with acetic anhydride, but no 
satisfactory recrystallisation was achieved. 

Oxidation of (IV) with Periodic Acid.—(A) Recrystallised material (VI) (0-7 g.) was added slowly toa 
solution of potassium periodate (1-73 g.) in N-sulphuric acid (87 c.c.), solution taking place 
instantaneously. The solution was allowed to stand at room temperature for 30 minutes, and, after 
adjustment to pH 5—6, the precipitated yellow solid (0-44 g.) was collected. The product was optically 
inactive and could not be satisfactorily recrystallised. When added to an excess of 2 : 4-dinitrophenyl- 
hydrazine in dilute hydrochloric acid it gave an immediate brownish-yellow precipitate of 2-amino-6- 
hydroxypteridine-8-aldehyde 2 : 4-dinitrophenylhydrazone, which was collected, washed with water, and 
dried (Found: N, 32-9. C,,H,O,N, requires N, 34-0%). 

(B) Recrystallised material (vit) 1-4 g.) was submitted to the foregoing process and showed 
identical behaviour (yield, 0-9 g.). The 2: 4-dinitrophenylhydrazone was prepared in a similar manner 
(Found: N, 33-3%). 

2-A mino-6-hydroxypteridine-8-carboxylic Acid (X).—(A) From the aldehyde obtained on oxidation of 
(VI). The crude aldehyde (0-7 g.) was suspended in water (20 c.c.) and treated with 30% hydrogen 
peroxide (2 c.c.) and 2N-sodium hydroxide solution (8 c.c.). The solution was kept at room temperature 
for 2 hours and then heated on the water-bath for 30 minutes. The product, precipitated on acidification 
to pH 3 with dilute hydrochloric acid, was collected, washed with water, alcohol, and ether, and dried. 
The crude material ((-6 g.) was soluble in sodium hydrogen carbonate solution. The disodium salt was 
obtained by crystallisation (norite) from 2N-sodium hydroxide (Found, on material dried at 100° ina 
vacuum : C, 30-6; H,1-9. Calc. forC,H,O,N,Na,,H,O: C, 31-2; H, 1-9%). 

In aqueous solution the disodium salt showed an intense sky-blue fluorescence in ultra-violet light, 
greatly diminished on addition of a large excess of alkali and quenched on acidification. The ultra-violet 
absorption spectrum in Nn/10-sodium hydroxide showed two maxima, the sharper of the two being 
between 261 and 262 my with ¢ of 16,600. As routine analytical criteria of identity, absorption in the 
range 250—270 mp together with fluorescence characteristics serve to distinguish this acid from its 
9-isomer. 

(B) From the aldehyde obtained on oxidation of (VII). Crude aldehyde (0-7 g.) was oxidised in the 
manner described above and the crude acid (()-6 g.) was converted into the disodium salt in the same way 
(Found, on material dried at 100° in a vacuum : C, 31°7; H, 2-2%). 

Fluorescence characteristics were identical with those described above and the ultra-violet absorption 
spectrum in alkaline solution showed a maximum between 261 and 262 my with ¢ of 16,870. 

(C) From (synthetic) liver L. casei factor. Liver L. casei factor (‘‘ Lederle’, synthetic) (100 mg.) was 
dissolved in N-sodium hydroxide solution (15 c.c.) and refluxed for 4 hours with oxygen bubbling gently 
through the solution throughout (Stokstad ef al., loc. cit.). The acid (X) (50 mg.), precipitated on 
acidification to pH 3, was collected, washed with alcohol and ether, and dried. Fluorescence 
characteristics were identical with those described above and the ultra-violet absorption spectrum in 
alkaline solution showed a maximum between 261 and 262 my with « of 16,870. 

(D) By direct oxidation of (VI) or (VII). The substance (3-05 g.) was dissolved in 2N-sodium 
hydroxide solution (40 c.c.) and treated with excess saturated aqueous potassium permanganate. After 
30 minutes on the water-bath, excess permanganate was destroyed with alcohol, and the sludge was 
removed by filtration. The crude acid (2-45 g.), precipitated on bringing the clear yellow filtrate to 
PH 3, was converted into the disodium salt in the manner described above. Fluorescence and absorption 
characteristics were identical with those described above. 

2-A mino-6-hydroxy-9-methvlpteridine.—Methylglyoxal (5 c.c.) was added to a suspension of 
2 : 4: 5-triamino-6-hydroxypyrimidine sulphate (18-3 g.) in water (100 c.c.) containing hydrated sodium 
acetate (19-7g.). The mixture was heated on the water-bath for an hour, and the product separated as a 
sodium salt (10 g.) from 5N-sodium hydroxide. The sodium salt exhibited a marked blue fluorescence in 
aqueous solution in ultra-violet light. 

2-A mino-6-hydroxypteridine-9-carboxylic Acid (XI).—Sodium 2-amino-6-hydroxy-9-methylpteridine 
(5-6 g.) was dissolved in 2N-sodium hydroxide and oxidised on the water-bath with excess saturated 
aqueous permanganate. After destruction of the excess, the product (3-6 g.) separated on acidification 
of the filtrate to pH 3. The disodium salt separated from 2N-sodium hydroxide as a mass of pale yellow 
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~— er on material dried at 100° in a vacuum: C, 33-1; H, 1-5. Calc. for C,H,;O,N,Na,: 
, 33°5; H, 1-2%). 

In aqueous solution the disodium salt showed a bright green fluorescence in ultra-violet light, greatly 
diminished on addition of a large excess of alkali and quenched on acidification. The ultra-violet 
absorption spectrum in n/10-sodium hydroxide solution showed the usual two bands, the more intense 
having a maximum at 258 my with e of 16,580. 

Direct Condensation of Glucose with 2 : 4: 5-Triamino-6-hydroxypyrimidine. Formation of 2-Amino- 
6-hydroxy-9-D-arabotetrahydroxybutylpteridine and Oxidation to (XI).—Glucose monohydrate (22 g.), 
2:4: 5-triamino-6-hydroxypyrimidine sulphate (18-2 g.), and sodium acetate (11-6 g.) were heated in 
aqueous solution (175 c.c.) under nitrogen on the water-bath for 5hours. The solid product was collected 
and crystallised from n/10-hydrochloric acid, when a microcrystalline yellow solid separated, [a]}7*° —52° 
in N-hydrochloric acid. From its rotation, this material was probably a crude preparation of (III). 
Karrer et al. (loc. cit.) record [a]??° —68-93° in n/10-sodium hydroxide and Petering and Weisblat (loc. 
cit.) record [a]?*° —70-9° in N-sodium hydroxide for what is presumably this substance. 

Direct oxidation of the above material (1-8 g.) with alkaline permanganate gave a crude product 
(1-3 g.), which was converted into the disodium salt. Fluorescence characteristics and ultra-violet 
absorption showed it to be the disodium salt of (XI). 

Condensations with Glucosone.—(i) Direct condensation. To an aqueous solution (70 c.c.) of glucosone 
(ca. 7 g.) were added hydrated sodium acetate (9-7 g.) and 2: 4: 5-triamino-6-hydroxypyrimidine 
sulphate (9 g.), and the mixture was heated for 3 hours on the water-bath in an atmosphere of nitrogen. 
Direct oxidation of the product with alkaline permanganate yielded (XI), characterised as its disodium 
salt by fluorescence characteristics and ultra-violet absorption. 

(ii) In presence of boric acid. The preceding experiment was repeated (ca. 2 g. of glucosone and other 
reagents in proportion) in the presence of boric acid (1-2 g.). The product, on oxidation with alkaline © 
permanganate, again afforded (XI). 

(iii) In presence of hydrazine. To a mixture of sodium acetate (5-5 g.), 2: 4: 5-triamino-6-hydroxy- 
pyrimidine sulphate (5-1 g.), boric acid (2-4 g.), and 50% hydrazine hydrate (2 c.c.) under nitrogen in 
water (50 c.c.), a 10% aqueous solution of glucosone (ca. 3-6 g.) was finally added, and the mixture was 
heated on the water-bath for 3 hours. On oxidation of the product with alkaline permanganate (X) was 
isolated in this instance and characterised as the disodium salt, which showed its characteristic sky-blue 
fluorescence and ultra-violet absorption. 

Experiments with Reductone.—(i) Condensation product (XVI) with p-aminobenzoic acid (compare 
O’Meara et al., loc. cit.). Reductone (0-44 g.) (v. Euler and Martius, Annalen, 1933, 505, 73) was 
dissolved in a little water and added to a warm saturated solution of p-aminobenzoic acid (1-37 g.) in 
dilute acetic acid (75 c.c.). The solution was allowed to come to room temperature and kept in the 
refrigerator overnight. The orange-coloured solid was collected and washed well with dilute acetic acid, 
with water, and dried (yield, 1-05 g.). The substance was almost completely insoluble in organic solvents 
and could not be purified by recrystallisation. It darkened at about 200° and melted at 240—250° 
(Found P4 N, 8-3. Cc. for C,,H,,0,;N, ° N, 8-6%). 

(ii) Condensation of (XVI) with (II). (a) The above compound (XVI) (1-82 g.) was added to a hot 
solution of 2: 4: 5-triamino-6-hydroxypyrimidine sulphate (1-38 g.) in water (100 c.c.) containing 
sodium acetate (0-9 g.) and the mixture was heated in an atmosphere of nitrogen for 3 hours. The 
mixture was then cooled and the product collected (2-2 g.). The crude substance (1 g.) was oxidised 
directly with alkaline permanganate affording a crude acid (110 mg.). Crystallisation from 2N-sodium 
hydroxide afforded an insoluble by-product (50 mg.) together with the disodium salt of (XI) (50 mg.), 
which exhibited its characteristic bright green fluorescence and ultra-violet absorption spectrum 
(maximum at 258 my). 

(b) 2:4: 5-Triamino-6-hydroxypyrimidine sulphate (1-25 g.) was dissolved in an aqueous solution 
(50 c.c.) of sodium hydrogen carbonate (0-84 g.) and treated with a suspension of (XVI) (0-91 g.) in 
aqueous sodium hydrogen carbonate (0-84 g. in 50 c.c.). The mixture was heated on the water-bath 
under nitrogen for 3 hours. The product (1-1 g.), precipitated on acidification to pH ca. 3, was oxidised 
directly with alkaline permanganate, affording crude material (0-55 g.), separated by crystallisation from 
2n-sodium hydroxide into alkali-insoluble by-product (50 mg.) and the disodium salt of (XI) (0-5 g.), 
which showed its characteristic fluorescence and ultra-violet absorption. 

(c) The substance (XVI) (1:3 g.) and 2:4: 5-triamino-6-hydroxypyrimidine hydrogen sulphite 
(1-3 g.) were heated in 80% acetic acid (50 c.c.) under nitrogen for 2 hours and the solid (1-5 g.) was 
collected after cooling. The crude substance (1 g.) was oxidised directly, and the product (0-2 g.) was 
separated into alkali-insoluble material (140 mg.) and the disodium salt of (XI) (50 mg.), identified by 
its fluorescence and absorption spectrum. 

(d) When the preceding experiment was repeated using n/10-hydrochloric acid as solvent in place of 
80% acetic acid, a similar result was obtained. 

(iii) Condensation of (II) with p-aminobenzoic acid and free veductone. (a) To a solution of (II) 
(1-9 g.) in water (50 c.c.) containing sodium acetate (1-23 g.) and p-aminobenzoic acid (1-03 g.), heated on 
the water-bath in an atmosphere of nitrogen, there was added an aqueous solution (10 c.c.) of 
reductone (0-66 g.). The solution remained clear for a few seconds and then a brown solid was 
rapidly precipitated. After 24 hours on the water-bath, the product (2-1 g.) was collected, washed with 
water, alcohol, and ether, and dried. The crude material (1 g.) was oxidised and the product (0-2 g.), 
on treatment with 2N-sodium hydroxide, yielded insoluble by-product (50 mg.) and the disodium salt of 
(XI) (70 mg.), exhibiting its characteristic green fluorescence and a maximum in its absorption spectrum 
at 258 mu. ‘ 

(b) The preceding experiment was repeated in the presence of boric acid (1-05 g.) at approximately 
40° under nitrogen. After a few seconds again a brown precipitate was thrown down. After 24 hours 
at 37° the product was collected. When oxidised, it (1 g.) afforded an alkali-insoluble product (50 mg.) 
and the disodium salt of (XI) (70 mg.), exhibiting the characteristic green fluorescence and a maximum 
in its absorption spectrum at 258 my. 
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As the possibility was not excluded that p-aminobenzoic acid played no part in the preceding 
reactions (iii a and iii b), the following experiments were carried out. 

(iv) Direct condensation of (II) with reductone. (a) To a solution of 2: 4: 5-triamino-6-hydroxy- 
pyrimidine sulphate (1-26 g.) in aqueous sodium hydrogen carbonate (0-82 g. in 35 c.c.) was added an 
aqueous solution of reductone (0-44 g. in 10 c.c.). The mixture was heated under nitrogen on the 
water-bath for 3 hours and the brown product (0-33 g.), which commenced to separate within about 
10 seconds of mixing, was collected and dried. Direct oxidation with alkaline permanganate afforded a 
crude acid (0-15 g.), which yielded the disodium salt of (XI) on crystallisation from 2N-sodium hydroxide, 
exhibiting the characteristic green fluorescence and a maximum in its absorption spectrum at 258 mu. 

(b) A solution of 2: 4: 5-triamino-6-hydroxypyrimidine hydrogen sulphite (1-3 g.) in 80% acetic 
acid (35 c.c.) was mixed with a solution of reductone (0-44 g.) in the same solvent (10 c.c.), and 
heated on the water-bath under nitrogen for 3 hours. The crude dark brown product (0-43 g.) was 
collected and oxidised directly. The crude acid (0-22 g.) was crystallised from 2N-sodium hydroxide and 
again afforded the disodium salt of (XI), which exhibited its characteristic fluorescence and a maximum 
at 258 my in its ultra-violet absorption spectrum. ' 


The authors are greatly indebted to Dr. J. D. Dunitz, Laboratory of Chemical Crystallography, 
Oxford, for his kindness in taking the X-ray powder diffraction photographs. 


NATIONAL INSTITUTE FOR Mx:DICAL RESEARCH, 
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17. Studies in the Tetraphenylethylene Series. Part f. 
By H. Lu. Bassett, N. Tuorneg, and C. L. Younc. 


The action of chlorine and bromine on tetraphenylethylene and some of its derivatives has 
been investigated. Tetraphenylethylene dichloride has been found to exist in two isomeric 
forms, which must owe their existence to restriction of rotation about the ethane link. The 
cis-isomer must exist in mirror image forms. Some new halogen derivatives have been made 
and some inaccurate statements in the literature corrected. 


WHEN chlorine is passed into a solution of tetraphenylethylene in carbon tetrachloride or in 
chloroform, tetraphenylethylene dichloride is produced in good yield. Finkelstein (Ber., 1910, 
43, 1534), however, using carbon tetrachloride as solvent, gives the melting point of the 


dichloride as 186° (corr.), while Norris (J. Amer. Chem. Soc., 1916, 38, 710), using chloroform 
as solvent, gives the melting point of the purified product as 160—162°. This and some other 
discrepancies in statements made in the literature suggested the desirability of a re-examination 
of some of the properties of tetraphenylethylene and its derivatives, and particularly their 
reactions with chlorine and bromine. The preparations quoted above were therefore repeated. 
When chlorine, in equivalent quantity or in excess, was passed into a solution of tetraphenyl- 
ethylene in carbon tetrachloride, tetraphenylethylene dichloride was precipitated, and the 
purified substance melted at 185° (188°5° corr.). When, however, chloroform was used as 
solvent, the purified product melted at 172° (175° corr.). Repeated crystallisation from various 
solvents failed to raise the melting point. In both cases the yields were of the order of 90%. 
A 50% mixture of the two products melted at about 162°. 

Analysis, molecular weight determination, and oxidation with chromic acid to benzophenone 
showed clearly that both substances were dichlorides of tetraphenylethylene, and indeed this 
has never been questioned in earlier work. They are therefore either dimorphs or isomers. 

A decision in favour of isomerism was made on the following grounds: (a) The substance, 
m. p. 172°, forms an addition compound with carbon tetrachloride containing two molecules 
of the latter, and a similar compound with chloroform. The substance, m. p. 185°, does not 
form an addition compound with either. (6) Sidgwick’s method for distinguishing between 
dimorphs and isomers (jJ., 1915, 107, 672) shows the two substances to be isomers. The freezing 
point of a saturated solution of the more soluble form in benzene is substantially depressed 
when the less soluble form is added and equilibrium again attained. (c) The refractive indices 
and the dielectric constants of equivalent solutions in benzene are different. 

This isomerism can only be due to restriction of rotation about the ethane bond (see Fig.), 
leading to cis- and trans-forms. In the ¢vans-form the chlorine atoms must lie exactly opposite 
to one another and there is a plane of symmetry, but in the cis-form the chlorine atoms, though 
on the same side of the molecule, cannot lie in one plane with the ethane carbon atoms and the 
cis-form must exist in two mirror image forms. Tetraphenylethylene dichloride has been 
prepared by several methods other than the addition of chlorine to the ethylene, and the 
product appears to be always the higher-melting isomer. 

The higher-melting isomer tends to change into that of lower melting point, and this change 
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can be brought about quantitatively when hydrogen chloride is passed for about an hour into 
a solution of the higher melting compound in, for instance, benzene or chloroform at room 
temperature; or by refluxing for about 2 hours in benzene, chloroform, or ether, to which a 
crystal of iodine has been added. If the iodine is omitted, refluxing with ether for 2—3 hours 
brings about a partial conversion. 

Tetraphenylethylene will not add bromine. If it is treated with excess of liquid bromine 
or of bromine in an inert solvent, the only product is tetrakis-4-bromophenylethylene (Biltz, 
Annalen, 1897, 296, 231), and the same product is obtained from tetraphenylethylene dichloride 
(Norris, Thomas, and Brown, Ber., 1910, 48, 2947, 2959). No intermediate compound is 
recorded, and it is now found that the action of bromine vapour on tetraphenylethylene 
dichloride gives 1: 1-diphenyl-2 : 2-bis-4-bromophenylethylene. The formation of this compound 
is of interest because it shows that the chlorine atoms of the dichloride are expelled during the 
introduction of the first two bromine atoms. Norris (loc. cit.) states that when chlorine in 
excess is passed into a solution of tetrakis-4-bromophenylethylene in carbon tetrachloride the 
result is the addition of chlorine to the double bond, with the formation of tetrakis-4-bromo- 
phenylethylene dichloride, m. p. 202—203°. This is now found to be true only if the excess 
of chlorine is slight. When a large excess of chlorine is used, the bromine atoms are expelled 
and the product is tetrakis-4-chlorophenylethylene dichloride, m. p. 190—192°, which was in fact 
what Norris obtained, though he believed it to be tetrakis-4-bromophenylethylene dichloride.. 


Diagram illustrating degree of obstruction to rotation. 


His only justification for the identification seems to have been the melting point (190—192°, 
loc. cit.). The structures have now been proved by oxidation to the corresponding substituted 
benzophenone, which is obtained in over 80% yield in both cases. In neither of these cases 
did we succeed in obtaining two forms of the dichloride. 

Biltz (loc. cit.) showed that when tetraphenylethylene is treated with excess of concentrated 
nitric acid and the mixture kept below 5°, the product is tetrakis-4-nitrophenylethylene, which 
he obtained as an amorphous yellow powder melting at about 100°. Although it is precipitated 
in an amorphous condition from most solvents, it is now found to crystallise from glacial acetic 
acid in small yellow crystals, m. p. 274—276°. No addition compound is formed with chlorine 
or bromine. 

1 etvakis-3 : 5-dichlovo-4-methoxyphenylethvlene dichloride was prepared by treatment of 
tetrakis-4-methoxyphenylethylene (Gattermann and Leick, Ber., 1895, 28, 2874) with dry 
chlorine in glacial acetic acid. Bromine, under all conditions that were tried, reacted very 
vigorously with tetrakis-4-methoxyphenylethylene, but only resinous products were obtained. 


EXPERIMENTAL. 
(Microanalyses for C and H are by Drs. Weiler and Strauss, Oxford.) 


Tetraphenylethylene Dichloride.—(a) When chlorine was passed into a solution of tetraphenylethylene 
in carbon tetrachloride, the dichloride was a in a practically pure state, not as an addition 
compound with the solvent as stated by Norris, Thomas, and Brown. The dichloride was crystallised 
from chloroform, m. p. 185° (Found: C, 77-65; H, 4-92; Cl, 17-58; M, 389. Calc. for C,,H,,Cl,: 
C, 77-42; H, 4:96; Cl, 17-62%; M, 403). 3° 1-50900, 1-50799, 1-50818; mean 1-50838 (10% w/v in 
benzene); «°° 2-255 (10% w_v in benzene). 

(b) When a chloroform solution of the ethylene was used no precipitation occurred, and the solution 
was evaporated to a small bulk; the dichloride then crystallised out. This crude product melted at 
160—162° (cf. Norris, loc. cit.). Crystallisation from chloroform yielded colourless crystals, m. p. 172°, 
containing two molecules of chloroform, which were soon lost on exposure to the air (Found: C, 77-63; 
H, 5-01; Cl, 17-60; M, 395. Calc. for C,,H,,Cl,: C, 77-42; H, 4:96; Cl, 17-62%; M, 403). mn? 
151139, 1-51121, 1-51212, 151175; mean 1-51161 (10% w/v in benzene) ; <?° 2-282 (10% w/v in benzene). 
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Oxidation using Chromic Acid.—The best conditions for obtaining high yields of benzophenones in 
all the examples described were found to be as follows. ' 

About 1 g. of the compound is taken and heated for 20 minutes on a water-bath with a solution of 
4 g. of chromic acid in 40 c.c. of glacial acetic acid. The liquid is then poured into water and the pre- 
cipitate formed is filtered off, washed with water, and crystallised from alcohol. 

The yields of benzophenone from the two dichlorides were as follows : compound, m. p. 172°, 85%; 
compound, m. p. 185°, 78%. 

The Chloroform and Carbon Tetrachloride Addition Compounds with Tetraphenylethylene Dichloride.— 
(a) The compound, m. p. 172°, with chloroform. The compound was crystallised from chloroform and 
the crystals dried on filter paper, weighed, and exposed to the air (Found: loss in weight after 2 days, 
42-55. C, H»Cl,,2CHCI, requires loss, 37-17%). 

(b) The compound, m. p. 172°, with carbon tetrachloride. The compound was warmed with carbon 
tetrachloride (in which it is insoluble) and the crystals treated as for the chloroform addition product. 
(Found : loss in weight after 2 day , 45-74. CygHyeCl,,2CCl, requires loss, 43-26%). 

(c) The compound, m. p. 185°, with chloroform. The same procedure was followed (Found: loss 
in weight after 2 days, loss, 6-49. Calc. for CygHy Cl,,2CHCl, : loss, 37-17%). 

(d) The compound, m. p. 185°, with carbon tetrachloride (Found: loss in weight after 2 days, 3-43. 
Calc. for CygHyCl,,2CCl, : loss, 43-26%). 

Allowing for the slight loss of weight due to adherent solvent in all cases, it is evident that the com- 
pound, m. p. 172°, forms addition compounds, while the compound, m. p. 185°, does not. The ready, 
but unrecognised, conversion of the higher- into the lower-melting compound has caused some con- 
fusion in earlier work. Norris, Thomas, and Brown (loc. cit.), for instance, state that the former gives 
a double compound, m. p. 170—171°, with carbon tetrachloride. Evidently they had in fact brought 
about conversion to the compound, m. p. 172°. 

Sidgwick’s Method.—A saturated solution of the more soluble form (m. p. 172°) was made in benzene 
and left overnight with excess of solid. The freezing point was then taken. A small quantity of the 
less soluble form (m. p. 185°) was added and allowed to attain equilibrium, and the freezing point again 
noted. Freezing point depression registered: 0-49°, 0-44°. 

1: 1-Diphenyl-2 : 2-bis-4-bromophenylethylene.—Tetraphenylethylene dichloride was left in contact 
with the vapour of 1 molecular proportion of bromine in a closed vessel for ca. 24 hours. The product 
(from chloroform) had m. p. 170° (Found: Br 33-3, 33-6. C,,H,,Br, requires Br, 326%). Oxidation 
gave a mixture of benzophenone and 4: 4’-dibromobenzophenone. 

Tetrakis-4-bromophenylethylene Dichloride.—This was prepared by passing 1} molecular proportions 
of chlorine into a solution of tetrakis-4-bromophenylethylene (10 g.) dissolved in carbon tetrachloride 
(50 c.c.), so that little or no chlorine escaped. After 5 hours, the carbon tetrachloride was removed, 
and the residue was crystallised from acetone yielding colourless crystals of the dichloride (8 g.) m. p. 
203—203° (Found : 0-1460 g. gave 0-2102 g. AgCl + AgBr. C,,H,,Cl,Br, requires 0-2110 g.). 

Tetrakis-4-chlorophenylethylene Dichloride.—Chlorine was passed into a solution of tetrakis-4-bromo- 
phenylethylene (10 g.) dissolved in carbon tetrachloride (50 c.c.) for 8 hours. The carbon tetrachloride 
was removed, and the residue was crystallised from chloroform yielding the dichloride in colourless 
crystals (8-5 g.), m. p. 190—192° (Found: Cl, 40-31. C,,H,,Cl, requires Cl, 39-38%). 

Tetrakis -3 : 5 - dichloro-4-methoxyphenylethylene Dichloride.—Tetrakis - 4 - methoxyphenylethylene 
(Galtermann and Leick, Joc. cit.), dissolved in glacial acetic acid, was treated with dry chlorine. After 
about an hour a fine crystalline precipitate was formed. The product had m. p. 195—196° (Found : 
Cl, 43-3. CygH,.O,Cl,». requires Cl, 44-3%). Oxidation yielded 3 : 5 : 3’ : 5’-tetrachloro-4 : 4’-dimethoxy- 
benzophenone. 


UNIVERSITY COLLEGE, 
CaTHAYS PaRK, CARDIFF. [Received, February 9th, 1948.) 





18. The Decomposition of Diazo-compounds in Neutral Solution. 
‘Part II. p-Nitrobenzenediazonium Sulphate. 


By HerBert H. Hopcson and W. H. H. Norris. 


Reaction products identified are pp’-dinitrodiazoaminobenzene (ca. 40%) by hydrolysis of 
p-nitrobenzenenitrosoamine, 4-nitro-2-p-nitrobenzeneazophenol (ca. 10%) by _ solvolytic 
action of water on p-nitrobenzenediazonium hydroxide or salt and subsequent coupling of the 
p-nitrophenol formed with p-nitrobenzenediazohydroxide, and a small amount of pp’-dinitro- 
diphenylamine by interaction of the nitrosoamine with the diazonium hydroxide above; the 
remaining 50% was an inseparable tar. 


DurinG work on the decomposition of diazotised amines in solutions neutralised by calcium 
carbonate, Hodgson and Marsden (/., 1943, 379) found that the neutralised diazonium salt from 
p-nitroaniline, whether prepared in hydrochloric or sulphuric acid solution, afforded a 
certain amount of 4-nitro-2-p-nitrobenzeneazophenol, but the other products were not investi- 
gated further at the time. The above azo-compound has now been synthesised by coupling one 
equivalent of neutralised p-nitrobenzenediazonium chloride with p-nitrophenol in the presence 
of sodium hydrogen carbonate, sodium acetate, or calcium carbonate. The product melted 
appreciably higher (ca. 200°) than that formerly isolated from the decomposition mixture 
(ca. 169°); it appeared also to exhibit chromoisomerism. This discrepancy of m. p. has now 
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been traced to the presence of pp’-dinitrodiazoaminobenzene as impurity. When two equivalents 
of the p-nitrobenzenediazonium chloride were used, no bisazo-compound was formed, but the 
excess of the diazonium salt decomposed when the mixture was stirred for some hours in the 
way about to be described. 

For simplicity, and to avoid the presence of calcium salts in solution, p-nitroaniline has been 
diazotised in aqueous sulphuric acid, and, after neutralisation with calcium carbonate, the 
solution was neutral to Congo-red and unreactive towards starch—potassium iodide; it was 
allowed to decompose at room temperature (a) without further addition, and (b) in the presence 
of calcium carbonate. In both cases the mixture remained inactive towards Congo-red (even 
after being kept for a fortnight), but (a) developed nitrous acid whereas (b) had an enhanced 
rate of decomposition due to the presence of calcium carbonate which neutralised any acid de- 
veloped. In contrast, diazotised aniline under conditions (a) developed mineral acid rapidly and 
gave a blue colour with Congo-red paper. It would appear, therefore, that in the neutralisation 
process the anion of the p-nitrobenzenediazonium salt was removed, whereas it would seem to have 
been retained in the case of benzenediazonium sulphate. Inthe course of other work with Dr. 
E. R. Ward, the chemical behaviour of certain aryldiazonium sulphates, when prepared by the 
method of Hodgson and Mahadevan (J., 1947, 325), and of solutions of the same arylamines, 
after diazotisation in sulphuric acid solution and neutralisation with calcium carbonate, was 
markedly different; Dr. Ward suggested that in the latter case the solution might contain the. 
unstable diazohydroxide and not the diazonium sulphate, a viewpoint now supported by the 
apparent absence of mineral acid development on keeping. 

After decomposition and removal of the solid product (D), the residual liquor contained a 
small amount of p-nitrophenol, while from (D), pp’-dinitrodiazoaminobenzene (ca. 40%) and 
4-nitro-2-p-nitrobenzeneazophenol (ca. 10%) were isolated, together with a small amount of 
pp’-dinitrodiphenylamine; the rest of the reaction product (ca. 50%) was an inseparable tar. 
(D) dissolved completely in acetone, but all separations therefrom contained admixed tar. 
(D) did not couple with alkaline B-naphthol or with a saturated aqueous solution of B-naphthol, 
indicating absence of nitrosoamine. 

Excluding tar formation, the main reactions would appear to be explained by the varying 
behaviour of the members of the tautomeric system : 


ZY \_3w)- ZS\- 

NO _—— — pe 

hl = No< _—-N=N—0H == NOK am 
(a) ~ () (c) 

in which (c) is hydrolysed according to the scheme : 


not S-NH+H —> No SNH, + HNO, 


whereby the #-nitroaniline formed couples with (b) to give pp’-dinitrodiazoaminobenzene 
whereas (a) is attacked by anionoid water to give p-nitrophenol according to the scheme : 


é— 0-i-H 
.< 
This then couples with (b) to give 4-nitro-2-p-nitrobenzeneazophenol. Bucherer and Wolff 
(Ber., 1909, 42, 881) ascribe the formation of -nitroaniline to hydrolysis of (a), but 
this is erroneous in our opinion, since it is hydrolysis of diazonium salts which always 
leads to phenol formation. The formation of pp’-dinitrodiphenylamine would seem to arise 
from interaction of (a) and (c) according to the scheme : 
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Nitrous acid will thus be developed from two of the three reactions above. 
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Part of the tar may be formed by decomposition of the compound NH(N‘N-C,H,'NO,),, 
which is a possible product of the reaction (cf. Bucherer and Wolff, Joc. cit.), while another possible 
product is the diazo-oxide, NO,°C,H,-O-N:N-C,H,°NO,, which would undoubtedly contribute 
to the tar yield during the various treatments to which (D) is subjected, especially as some tar 


appears during two of the coupling reactions to be described between neutral diazotised 
p-nitroaniline and p-nitrophenol. 


The results above are in accord with the experience of Atkinson and his collaborators 
(J. Amer. Chem. Soc., 1940, 62, 1704; 1941, 63, 730; 1943, 65, 476; and 1945, 67, 1513), who 


found that the actual reduction of aryldiazonium salts in aqueous solution proceeded according ~ 
to the general scheme : 


R-N,X —> R:’R + R'N:N-R + R-O’R + R-NH-R + RX + R-OH + R-NH, + Nj. 


In neutral solution and by decompositions per se, the formation of pp’-dinitrodiphenyl did not 
appear to occur to a detectable extent, since no benzidine was isolated after reduction. 


EXPERIMENTAL. 


Preparation of 4-Nitro-2-p-nitrobenzeneazophenol.—(a) p-Nitroaniline (1-38 g.) was dissolved in a hot 
mixture of hydrochloric acid (5 c.c., d 1-18) and water (5 c.c.), and the solution stirred into iced water 
(40 c.c.); a finely divided suspension was obtained which was diazotised completely on the addition in 
one batch of sodium nitrite (1 g.) in water (5c.c.). This solution was neutralised with calcium carbonate, 
filtered, and then stirred into one of p-nitrophenol (2-0 g.) in water (50 c.c.) containing either (a) sodium 
hydrogen carbonate (2-0 g.) or (b) sodium acetate (5 g.), maintained at 0° by ice. This cooling 
precaution was taken to avoid rapid unimolecular decomposition of the diazo-compound. Coupling 
ensued at once, but stirring was continued for 15 minutes, and the precipitates (a) or (b) were ground 
with a little water to solidify any small amount of tar present (crude m. p. 164—175°), and washed with 
warm aqueous sodium hydrogen carbonate to remove any p-nitrophenol, followed by a washing with 
cold 2% aqueous sodium hydroxide, which was found to dissolve it very gradually, since the washings 
on acidification afforded the azo-compound in light yellow crystalline micro-plates, m. p. 193—201°. 
The product was then washed with dilute hydrochloric acid and hot water before extraction 3 times with 
80% ethanol; the extracts deposited the azo-compound in brown-red micro-plates, m. p.s 181—190°, 
199—206°, and 199—206°, the respective residues having m. p.s 166—181°, 166—180°, and 148—156°. The 
crystals, m. p. 199—206°, were recrystallised from 80% ethanol and obtained in brownish-red prisms, 
m. p. 205—206° (Found: N, 19-6. Calc. for C,,H,O,N,: N, 19-4%), and the above yellow micro-plates 
of m. p. 193—201° recrystallised from 80% ethanol in yellow-orange prisms, m. p. 205—207° (Found : 
N, 19-6%). Both chromoisomeric forms afforded a deep crimson colour with acetone—aqueous sodium 
hydroxide which turned to a bright scarlet on dilution with water, and dissolved in boiling aqueous 
hydroxide to a scarlet solution. 

(6) The neutralised solution of -nitrobenzenediazonium chloride [prepared as above from 
p-nitroaniline (1-38 g.)] was stirred into a solution of p-nitrophenol (2-0 g.) containing calcium carbonate 
(5 g.) in suspension. Coupling ensued gradually with complete absence of tar, and the solid mixture, 
after treatment with dilute hydrochloric acid to remove the calcium carbonate, was worked up as above 
for the azo-compound. 

Examination of the Decomposition Products from Neutralised p-Nitrobenzenediazonium Sulphate.— 
p-Nitroaniline (2-76 g.) was dissolved in a mixture of sulphuric acid (6 c.c., d 1-84) and water (20 c.c.), 
and diazotised at 0° (ice) with a solution of sodium nitrite (2 g.) in the minimum amount of water 
added in one batch. This solution was then stirred into an iced suspension of calcium carbonate (15 g.), 
and filtered when it was neutral to Congo-red paper. - Two such solutions were prepared, and one left to 
decompose spontaneously at room temperature while the other was stirred with calcium carbonate 
(2 g.). At the end of 7 days the products were filtered off, washed with water (and the second one 
treated with dilute hydrochloric acid to remove calcium carbonate), and dried; the amounts were 1:8 g. 
and 2-4 g. respectively. Each mixture was worked up as follows. 

(1) p-Nitrophenol was identified in the filtrate from the mixture. 

(2) 4-Nitro-2-p-nitrobenzeneazophenol was obtained when the mixture was first heated with water 
to remove any p-nitrophenol which might be present, and then extracted with boiling sodium carbonate 
or hydrogen carbonate. The hot extract contained some pp’-dinitrodiazoaminobenzene which crystal- 
lised out on cooling, and was identified by its colour tests (magenta with acetone-sodium hydroxide) 
and by crystallisation from boiling ethanol, whereby it was obtained in yellow needles which had no 
definite m. p. but decomposed at 220—230° (Found: N, 24-6. Calc. for C,,H,O,N,: N, 24-4%). The 
azo-compound was precipitated from the alkaline solution on acidification, and, after several 
crystallisations from 80% aqueous ethanol it was obtained in yellow-orange prisms, m. p. 202°, and 
mixed m. p. 203—205°, with the synthetic product above (Found: N, 19-6%). 

(3) The remainder of the pp’-dinitrodiazoaminobenzene was extracted from the residue after 
treatment with alkaline carbonate by boiling aqueous sodium or potassium hydroxide, and identified as 
under (2). About 50% of a low-melting tar remained undissolved. 

(4) Presence of pee ey The above tar was extracted with boiling glacial acetic 
acid. A few mg. of a substance, m. p. 206—210°, were deposited on cooling (pp’-dinitrodiphenylamine 


has m. p. 212°); this substance gave a blue-violet colour with acetone-sodium hydroxide similar to that 
afforded by an authentic specimen (cf. Hantzsch, Hein, and Hurdtmann, Ber., 1919, 52, 498) but much 
bluer than the magenta afforded by )’-dinitrodiazoaminobenzene (Found: N, 16-6. Calc. for 
C,,H,O,N,: N, 16:2%). Since pp’-dinitrodiphenylamine is sparingly soluble in boiling concentrated 
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hydrochloric acid to give a deep yellow fluorescent solution from which it separates on cooling, and is also 
soluble in boiling alcoholic potassium hydroxide from which it separates in crystalline form when the 
cold solution is cautiously diluted with water, whereas the similarly treated pp’-dinitrodiazoaminobenzene 
remains dissolved, the original reaction mixture was submitted to each of these extractions; only a few 
mg. of a solid resulted in each case, but these gave the blue-violet colour test above with acetone-sodium 
hydroxide, and when reduced they afforded a solution which gave a bright blue colour with chromic acid. 

(5) Absence of pp’-dinitrodiphenyl. The original mixture on reduction, either by iron and stannous 
chloride with hydrochloric acid or by zinc in glacial acetic acid, afforded solutions which gave 
no precipitate of benzidine sulphate on addition of sulphuric acid or of sodium sulphate, but when 
oxidised with ferric chloride or chromic acid gave p-benzoquinone from the ~-phenylenediamine present. 


The authors thank Imperial Chemical Industries Ltd., Dyestuffs Division, for gifts of chemicals, and 
Mr. F. Hobson for micro-analyses. 
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19. The Synthesis of 8-Phenylserines. 


‘By Cuarves E. DALGLigsu. 


The synthesis of B-4-nitro- and -4-amino-phenylserines is described, and various aspects of the 
synthesis of B-phenylserine derivatives are discussed. 


DERIvaTIVEs of 6-phenylserine are of interest in view of their possible occurrence as precursors 
of adrenaline in the animal body (Dalgliesh and Mann, /J., 1947, 658). During the course of 
work primarily aimed at the synthesis of 8-(3 : 4-dihydroxyphenyl)-N-methylserine (I) (Dalgliesh 
and Mann, /oc. cit.), various other results were obtained which are here briefly presented. 


EtO,C-O _ 


HO 
(1) HO? tH H-CO,H moot >t H-CO,Et  (II.) 
LY ~_—— 


H NH, 


It was suggested by Dalgliesh and Mann that the preparation of the related nor-acid, 
3 : 4-dihydroxyphenylserine, described by Rosenmund and Dornsaft (Ber., 1919, 52, 1734) 
might be improved by converting its synthetic precursor, the hydrochloride of {-(3 : 4-di- 
ethylcarbonatophenyl)serine ester (II), into the oxalate followed by hydrolysis with dilute 
acetic acid, the method found to be most suitable for isolating (I). This has since been found 
not to be so. On being heated under even mildly acid conditions derivatives of the nor-acid 
are rapidly transformed, paper chromatography showing the absence of the nor-acid from the 
derived mixture, which was not further investigated. Moreover in the initial condensation of 
dicarbethoxyprotocatechuic aldehyde with glycine ester to give (II), the yield has been found 
to be markedly dependent on the period of the reaction, decreasing rapidly after 24 hours. 
Dicarbomethoxyprotocatechuic aldehyde has also been tried in this reaction, but is much less 
satisfactory than the corresponding dicarbethoxy-compound. 

In view of the considerable variation in the reactivities of substituted benzaldehydes in their 
reaction with glycine ester (Dalgliesh and Mann, Joc. cit.) it was thought to be of interest to see 
whether p-nitrobenzaldehyde would take part in the reaction. It did, though the reaction 
differed from others of the same type in that the sodium appeared to act only as a surface 
catalyst and was not destroyed as the reaction proceeded. From the reaction mixture was 
isolated directly a compound (A) agreeing on analysis with the Schiff’s base (III) known to be a 
product of this type of reaction (Erlenmeyer, Annalen, 1895, 284, 36; Dalgliesh and Mann, 
loc. cit.), but not usually isolated. This changed on standing in ethanolic solution to an isomeric 
compound (B), which is suggested to be ethyl 2 : 5-bis-p-nitrophenyloxazolidine-4-carboxylate 
(IV). Oxazolidines are known to be very readily formed from aromatic aldehydes and phenyl- 


R-CH—CH-CO,Et R-CH—CH‘CO,Et R-CH—CH‘CO,Et 
(II1.) = ice xe (IV.) ea ge (V.) 
(R = p-C,H,NO,,.) 


ethanolamine derivatives, Schiff’s bases of type (III) being intermediates in the reaction (e.g., 
Meltsner, Waldman, and Kramer, J. Amer. Chem. Soc., 1940, 62, 3494). They are, moreover, 
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readily hydrolysed by acid, and mild acid hydrolysis of (B) rapidly gave ®-4-nitrophenylserine 
ethyl ester hydrochloride (V). This after cold alkaline hydrolysis gave B-4-mitrophenylserine, 
hydrogenation of which gave B-4-aminophenylserine. 

The low yields obtained in the synthesis of (I) prompted the investigation of possible 
alternative routes which proved unsuccessful. The possibility of some modification of the 
Erlenmeyer method was considered first. Condensations of this type normally give rise to an 
olefinic product (for an exception see Phillips, J. Amer. Chem. Soc., 1945, 67, 744), and it was 
hoped to convert such a product into a phenyl serine derivative by suitable addition to the 
double bond. In order to introduce the N-methyl group, attempts were made to. condense 
veratric aldehyde and sarcosine anhydride under a variety of conditions. These failed, but 


in one reaction, after the reactants had been heated with 

OCH, anhydrous zinc chloride, there was isolated sarcosine 
x NMe anhydride zincichloride, which probably has the bimolecular 
x structure (VI). Sarcosine and benzenesulphonylsarcosine 

likewise failed to condense. Similar failures of sarcosine 

H,-C “ derivatives to condense have been observed by other 

(VI.) workers (e.g., Heard, Biochem. J., 1933, 27, 654). 

Veratric aldehyde and glycine anhydride condensed 

readily to give 2: 5-diketo-3 : 6-bis-3’ : 4’-dimethoxybenzylidenepiperazine (Deuloteu and 

Mendivelzua, Z. physiol. Chem., 1933, 219, 233), but this could not be methylated. When the 

sarcosine anhydride was replaced by N-methylhydantoin or creatinine, condensation with 

aromatic aldehydes proceeded satisfactorily. Thus 3: 4-carbonyldioxybenzaldehyde and 

N-methylhydantoin gave 5-(3’ : 4’-carbonyldioxybenzylidene)-1-m: thylhydantoin, but attempts to 

effect suitable additions to the double bond of this compound failed. However 5-veratrylidene- 

creatinine (Deulofeu, Ber., 1939, 72, 1461) on treatment with cold sulphuric acid gave material 

in high yield which contained the elements of sulphuric acid added to the starting product, but 

investigation showed that sulphonation of the aromatic ring had occurred, giving 5-(3’ : 4’-di- 

methoxybenzylidene) creatinine-5’- or -6’-sulphonic acid monohydrate, which on dehydration gave 
the free acid. 

The possibility of a synthesis based on ethyl acetamidomalonate was next investigated. 
This intermediate has proved most successful in the synthesis of amino-acids such as 
phenylalanine and leucine in which the essential stage involves reaction with a primary halide 
(e.g., Albertson and Archer, J. Amer. Chem. Soc., 1945, 67, 308), but the method does not work 
with secondary halides (Snyder, Shekleton, and Lewis, ibid., p. 310). There appeared to be no 
record of its reaction with an acyl halide, and the following synthesis was therefore projected, and 
model experiments carried out with benzoyl chloride : 


R-COCI + HC-NHAc —» R°CO‘C‘NHAc —— > R-CO’C:-NMeAc 
. O,Et O,Et O,Et 
(as Sodium (VIL.) reduction and 
derivative) hydrolysis 
RCO, |. NHAc ae H-CO,H 
DEK, (VIII) H WHMe 
EtO O,Et 


No satisfactory product could be obtained from the initial reactants in organic media, but 
direct action of benzoyl chloride on the free sodium derivative (which is isolable as a reasonably 
stable, friable white powder) readily gave an ethyl benzoylacetamidomalonate. This could not 
be induced to give a 2: 4-dinitrophenylhydrazone; boiling methanolic sodium methoxide 
reconverted it into ethyl acetamidomalonate; on hydrogenation it slowly absorbed hydrogen 
with formation of benzaldehyde and ethyl acetamidomalonate; it gave no sodium derivative; 
and it was not methylated by ethereal diazomethane, either in the cold or on refluxing. The 
imino-hydrogen of a compound such as (VII) would be expected to be exceedingly labile, and the 
compound may be the O-benzoyl derivative (VIII). It is clearly not a suitable intermediate 
for the synthesis of 8-phenyl-N-methylserine. 

In considering syntheses based on known syntheses of adrenaline, 3 : 4-diacetoxyphenacyl 
chloride was treated with benzylmethylamine, but the product obtained was N-benzyl-N- 
methylacetamide. However 3: 4-dihydroxyphenacyl chloride (chloroacetylcatechol) and 
benzylmethylamine gave in high yield N-benzyladrenalone (IX, R = H), first isolated as the 
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crystalline ethanolate. Benzylation gave the gummy ¢ribenzyladrenalone (IX, R = CH,’Ph), 
isolated as the glassy hydrochloride and picrate and as the 


RO ‘ 4 rae a , 
= H,Ph crystalline oxalate diethanolate. Bromination of tribenzyl- 
ro_S—cocnn( adrenalone gave an uncrystallisable gum, and no crystalline 


(IX.) . product could be obtained after boiling with potassium cyanide. 
Similar difficulty with the failure of compounds of the above 
type to crystallise was experienced by Priestley and Moness (J. Org. Chem., 1940, 5, 355) in the 
synthesis of ‘‘ sympathol ” (2-methylamino-1-p-hydroxyphenylethanol). 
In view of the isomersation of aldehydes of the type Ph-CH(OH)*CHO to Ph*CO-CH,°-OH 
(Evans and Parkinson, J. Amer. Chem. Soc., 1913, 35, 1770), the Strecker method of synthesis 
would also appear to be inapplicable to 6-phenylserines. 


EXPERIMENTAL. 


3 : 4-Dihydroxyphenylserine.—The preparation as described by Dalgliesh and Mann was advantageously 
modified by the use of an excess of sodium wire, to provide as large an area of sodium surface as possible 
in the early stages of the reaction. Whereas a negligible yield of the required product was obtained 
when the mixture was worked up after standing over sodium for 40 hours, a similar preparation worked 
up after 26 hours gave a yield of esterified amino-acid of 93%, and worked up after 22 hours gave a yield 
of 23%. The diminution of yield may be associated with the separation of a gum from the solution. 

Dicarbomethoxyprotocatechuic Aldehyde.—To an ice-cooled solution of protocatechuic aldehyde (19 g.) 
in N-sodium hydroxide (330 ml.) was added with vigorous shaking methyl chloroformate (19-8 ml.). 
After a short while the copious precipitate of esterified aldehyde was isolated (32-3 g. ; 967%) 2 and recrystal- 
lised from methanol to give colourless crystals, m. p. 99° (Found: C, 52-1; H, 3- 9. C,,H,,0, requires 
C, 52-0; H, 39%). The 2: 4-dinitrophenylhydrazone had m. p. 227° (Found : N, 13-1. oe w0N, 
requires N, 12-9%). 

Dalgliesh and Mann inadvertantly attributed to the corresponding dicarbethoxyprotocatechuic 
aldehyde the m. p. 122°. The aldehyde is in fact an oil, and the m. p. 122° refers to the 3 : 4-carbonyl- 
dioxybenzaldehyde which was found to be formed by decomposition on large-scale distillation. 

p-Nitrobenzaldehyde and Glycine Ethyl Ester.—To finely divided (‘‘ molecular ’’) sodium (5 g.; 2} mol.- 
equivs.) was added glycine ethyl ester (7-5 g.; 1 mol.-equiv.) and p-nitrobenzaldehyde (22-5 g.; 
2 mol.-equivs.) in dry ether (11.). The mixture was then set aside at room temperature under anhydrous 
conditions. The sodium surface almost immediately became dark, and then remained apparently 
unaltered. A slow reaction set in, as indicated by a stream of fine bubbles rising from the sodium, and 
continued at an apparently constant rate, the liquid becoming slightly cloudy after 48 hours. After 
4 days a small sample of the solution was filtered and evaporated, and the residue recrystallised from 
ethanol to give pale yellow plates of a compound (A), m. p. 85°, considered to be the Schiff’s base (III) 
(Found: C, 56-5; H, 4-4; N, 10-7. C,,H,,0O,N, requires C, 55-8; H, 4-4; N, 108%). The whole 
solution was then similarly treated, being left in the ethanolic mother liquors overnight. Long cream- 
coloured needles of m. p. 136—139° (139° after further recrystallisation from ethanol) were obtained and 
found to consist of an isomeric compound (B), considered to be the oxazolidine derivative (IV) (Found : 
C, 55:7; H, 4:7; N, 10-8. C,,H,,0,N, requires C, 55-8; H, 4-4; N, 108%). When a sample of the 
previously recrystallised (A) was left in ethanol overnight it became converted into the less soluble (B). 
Total yield of (B), 10-8 g. (37%). 

(B) was decomposed to p-nitrobenzaldehyde and glycine by being refluxed with 25% acetic acid for 
3 hours. Therefore 3 g. of (B) were suspended in dry ether (100 ml.), a little alcoholic hydrogen chloride 
added, the whole shaken for 2 minutes and filtered, and the residue recrystallised from ethanol, et 
colourless prisms of f-4-nitvophenylserine et. hyl ester hydrochloride (V) (1-44 g.; 64%), m. 185° 
aes. (Found, after 3 hours’ drying at 100° in a vacuum over phosphoric oxide : C, 46-0; Hi, 5-1; 
N, 9 C,,H,,0;N,,HCl requires C, 45-5; H, 5-1; N, 9-6%). 

To the above hydrochloride (2-18 g.) were added n-sodium hydroxide (15 ml.; 2 mol.-equivs.) and a 
little alcohol, and the whole was left with occasional shaking for 1 hour, after which N-hydrochloric acid 
(7-5 ml.) was added. The white precipitate of B-4-nitrophenylserine (1-64 g.; 96%) was isolated, 
washed with a little water, and dried. It decomposed at 188°, gave a strong ninhydrin reaction, and was 
readily recrystallised from water (Found: C, 48-1; H, 4-4; N, 12-4. C,H,,O,N, requires C, 47-9; 
H, 4:4; N, 12-3%). 

The above amino-acid (0-82 g.) suspended in N-hydrochloric acid (7-26 ml.; 2 mol.-equivs.) and water 
(20 ml.) was hydrogenatéd over palladium-charcoal (0-1 g.) at room temperature. Uptake of hydrogen 
was complete after 2 hours, and the mixture was then filtered, the catalyst washed with a little water, 
Nn-sodium hydroxide (7-26 ml.) added to the combined filtrates, the whole evaporated to dryness, and the 
residue recrystallised from water to give silky needles (0-38 g.; 53%) of B-4-aminophenylserine. This 
compound is appreciably soluble in cold water, is fairly easily oxidised, gives a strong ninhydrin reaction, 
and decomposes at 205—207° after preliminary shrinking and darkening (Found: C, 55-5; H, 6-1; N, 
14-5. C,H,,0,N, requires C, 55-1; H, 6-1; N, 14:3%). No evidence of the formation of more than one 
racemate of the above amino-acids was obtained. 

Sarcosine Anhydride Zincichloride.—Sarcosine anhydride (3-1 g.), veratric aldehyde (8-0 g.), and 
anhydrous zinc chloride (9-0 g.) were dried overnight in a vacuum over phosphoric oxide, and then 
heated under anhydrous condition in an oil-bath at 150—160° for 1 hour. When cool, the solid residue 
was treated with ethanol (150 ml.), boiled, and filtered. The filtrate deposited white crystals of sarcosine 
anhydride zincichloride (V1) which after two further recrystallisations from alcohol had m. p. 348—352° . 
(decomp.) (Found: C, 26-4; H, 3-4; N, 9-5; Cl, 25-5. C,H ,O,N,,ZnCl, requires C, 25-8; H, 3-6; N, 
10-0; Cl, 25-5%). 
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3 : 4-Carbonyldioxybenzaldehyde and N-Methylhydantoin.—The aldehyde (5-0 g.) and N-methyl- 
hydantoin (3-9 g.) were heated under reflux in pyridine (12 ml.) for 1 hour; the solution became — 
yellow, but no solid separated. Boiling water (50 ml.) was added, and the solution made just acid wi 
acetic acid and filtered. Yellow crystals of 5-(3’ : 4’-carbonyldioxybenzylidene)-1-methylhydantoin 
separated from the filtrate on cooling, and after recrystallisation from acetic acid had m. p. 298—300° 
(Found: C, 55-8; H, 3-5; N, 11-1. C,,H,O,N, requires C, 55-4; H, 3-1; N, 10-8%). 

Sulphonation of Veratrylidenecreatinine.—Veratrylidenecreatinine (4 g.) was dissolved in concentrated 
sulphuric acid (30 ml.), and after 24 hours the deep orange solution poured on ice (250 g.). The yellow 
acicular product (4-25 g.; 81%), 5-(3’: Seen ed ee ee eet a or -6’-sulphonic acid mono- 
hydrate, after recrystallisation from acetic acid had m. p. 309° (decomp.) (Found: C, 43-9; H, 4-6; N, 
11-8; S, 9-3. C,3H,,0,N;S,H,O requires C, 43-5; H, 4-7; N, 11-7; S, 89%). After this had been 
heated for 12 hours at 80° in a vacuum over phosphoric oxide, the anhydrous acid, similar in appearance, 
m. p. 324° (decomp.), remained (Found: C, 45-6; H, 4-7. C,;H,,;0,N;S requires C, 45-7; H, 4-4%). 
Alkaline hydrolysis of the acid gave an aromatic compound still containing sulphur. 

When veratrylidenecreatinine (2 g.) was dissolved in a mixture of concentrated sulphuric acid (7 ml.) 
and glacial acetic acid (7 ml.), and poured on ice (150 g.) after 24 hours, orange-red needles (1-4 g.), 
recrystallised from acetic acid, of 2-acetyl-5-(3’ : 4’-dimethoxybenzylidene)creatinine-5’- or -6’-sulphonic 
ackd, m. P. 239° (decomp.), were obtained (Found: C, 47:2; H, 4-2. C,,;H,,0,N,S requires C, 47-0; 

, 44%). 

Ein Benzoylacetamidomalonate.—Ethyl acetamidomalonate (Snyder and Smith, J. Amer. Chem. 
Soc., 1944, 66, 350; 21-6 g.) was added to ethanol (300 ml.) in which sodium (2-3 g.) had previously been 
dissolved. The ethanol was distilled off, final traces being removed at the pump, leaving the sodium salt 
of ethyl acetamidomalonate as a friable white powder. To the sodium salt (20 g.) was added benzoyl 
chloride (9-8 ml.) ; considerable evolution of heat occurred, and the mixture was then heated for 15 minutes 
on the water-bath. After cooling, stirring with water, and decantation of the aqueous extract, the residue 
was recrystallised from ethanol to give long white needles (13 g.; 48%) of the ester (VII) or (VIII), 
m. p. 125° (Found: C, 59-7; H, 5-9; N, 4-4. C,,H,,O,N requires C, 59-8; H, 5-9; N, 4-4%). 

N-Benzyladrenalone (IX, R = H).—To chloroacetylcatechol monohydrate (10-2 g.; Mannich and 
Hahn, Ber., 1911, 44, 1548; Hoberman, J. Amer. Chem. Soc., 1935, 57, 1382) in ethanol (25 ml.) benzyl- 
methylamine (12-1 g.) was added, and the mixture heated on a water-bath for } hour. The ethanol was 
then distilled off, and water added to the cold residue, which on being scratched and shaken gave a 
copious pale yellow precipitate of N-benzyladrenalone monoethanolate (14-6 g.; 92%), m. p. 117—119°. 
This on further recrystallisation from ethanol gave colourless crystals, m. 7 121° (decomp.) (Found : 
C, 67-8; H, 7-2; N, 4-7. C,.H,,O;N,C,H,O requires C, 68-1; H, 7-2; N, 44%). Removal of the 
solvent of crystallisation at 80° in a vacuum over phosphoric oxide left the free ketone as a pale yellow 
glass (Found: C, 71-1; H, 6-5. C,,H,,O;N requires C, 70-9; H, 6-3%). 

Benzylation of N-Benzyladrenalone.—To sodium (4-5 g.) in ethanol (300 ml.) was added N-benzyl- 
adrenalone monoethanolate (31 g.) followed by benzyl chloride (22 ml.), and the whole boiled under 
reflux with mechanical stirring for 6 hours in an atmosphere of hydrogen. The mixture was then poured 
into water (3 1.) and set aside overnight. The precipitated oil could not be induced to solidify, and the 
mixture was extracted with ether. The ethereal extract was in turn extracted with dilute hydrochloric 
acid, whereupon a large quantity of oil separated from the aqueous layer. This was isolated, washed by 
decantation, and dried in a vacuum to give tribenzyladrenalone hydrochloride as an uncrystallisable glass 
(Found: C, 73-1; H, 6-3; N, 2-6. Cs9H,,.0,N,HCl requires C, 73-8; H, 6-2; N, 2-8%). This was only 
slightly soluble in water, but an aqueous solution gave with sodium picrate solution an oil, 
which on isolation, washing, and drying gave the picrate asa glass (Found: N, 8-5. C39H,,0,N,C,H,O,N, 
requires N, 8-2%). The hydrochloric acid-containing mother liquors from the extraction were made 
alkaline, extracted with ether, and dried (Na,SO,). Removal of the ether left (IX, R = CH,*Ph) asa 
brown, uncrystallisable, and undistillable gum. This when dissolved in ethanolic oxalic acid deposited 
a precipitate which was recrystallised from ethanol to give glistening white crystals of the oxalate 
diethanolate, m. p. 191° (decomp.) (Found: C, 68-3; 68-4; H, 65; 7-0. Cy9H,,O,N,C,H,O,,2C,H,O 
requires C, 68-3; H, 6-8%). 
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20. The Structure of Pyrethrolone and Related Compounds. Part VI. 


By Ericu Bakr and T. F. West. 


Dihydrocinerolone and tetrahydropyrethrolone are inert towards lead tetra-acetate, proving 
the absence, from each of the ketones, of a 1 : 2-ketol system which would be cleaved quantii- 
atively to the corresponding aldehydo-acid, consuming one mole of lead tetra-acetate per mole 
ofcompound. Cinerolone absorbed the equivalent of one mole of lead tetra-acetate by addition 
to the double bond in the side chain. 


STAUDINGER and Ruzicka (Helv. Chim. Acta, 1924, 7, 177) originally assigned a 1 : 2-ketol 
structure to pyrethrolone which appeared to form an osazone and displayed reducing properties. 
The alcoholic components of the pyrethrin molecules have now been shown to be a mixture of 
dextrorotatory and optically inactive forms of two ketols, cinerolone, C,,H,,O,, and pyrethrolone, 
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C,,H,,0O, (LaForge and Barthel, J. Org. Chem., 1945, 10, 106, 114, 222), in which the latter 
appears to be present to the extent of 70—80% (West, J., 1946, 463). These derivatives on 
hydrogenation are converted into dihydrocinerolone and tetrahydropyrethrolone respectively 
(LaForge and Barthel, Joc. cit.; West, loc. cit.). Recently, compounds identical with (+)-di- 
hydrocinerolone (LaForge and Soloway, J. Amer. Chem. Soc., 1947, 69, 979) and (--)-tetrahydro- 
pyrethrolone (Dauben and Wenkert, ibid., p. 2074) have been prepared by brominating 
dihydrocinerone and tetrahydropyrethrone by means of N-bromosuccihimide and hydrolysing 
the bromo-compound formed. LaForge and Soloway (J. Amer. Chem. Soc., 1947, 69, 186, 
2932) assigned the structure (I, R = [CH,],°CH;) to a ketone prepared by other methods which 
was not identical with (+)-dihydrocinerolone, and advanced this fact as indirect evidence that 
the. N-bromosuccinimide had brominated dihydrocinerone in the allylic position to give the 
1: 3-ketol structure (II, R = [CH,],°CH,) on hydrolysis. Dauben and Wenkert (loc. cit.) 
pointed out that, although N-bromosuccinimide introduces bromine into methylene groups in 
the «-position to the carbony] group of saturated cyclic and acyclic ketones (Schmid and Karrer, 
Helv. Chim. Acta, 1946, 29, 573; Djerassi and Scholz, Experientia, 1947, 3, 107) and of 
«f-unsaturated ketones of the mesityl oxide type (Buu-Hoi, Experientia, 1946, 2, 310), substi- 
tution takes place on the allylic methylene group of A‘-3-ketosteroids (Meystre and Wettstein, 
ibid., p. 408). Dauben and Wenkert considered (II, R = [CH,],°CH,) ‘‘ the most likely structure 
for tetrahydropyrethrolone ”’, as the slow reaction of their synthetic tetrahydropyrethrolone 
with periodic acid indicated the absence of a 1 : 2-ketol structure. 


H,—(H 
CMe f ¢Me,! * 


CMe 
A & \ H | ' 
(ft GR HO Nor (a \ Me (A 7 Me 
HO-CH—CO H,—CO HO: ee. -. H-OH 
(I.) (II.) (III.) (IV.) 


Baer (J. Amer. Chem. Soc., 1940, 62, 1597; 1942, 64, 1416) studied the reaction of 1 : 2-ketols 
with lead tetra-acetate, and showed that under certain conditions this reagent effects quantitative 
cleavage of these compounds. Thus the five-membered rings in 3-hydroxycamphor (III) and 
2-hydroxyepicamphor (IV) are cleaved smoothly with the consumption of one mole of lead 
tetra-acetate per mole of the compounds. The results obtained (in moles of lead tetra-acetate 
consumed per mole of compound) by applying this method to samples of “‘ natural ’”’ cinerolone, 
dihydrocinerolone, and tetrahydropyrethrolone (prepared by regeneration from the appropriate 
optically active semicarbazones) are given below in comparison with typical cyclic 1 : 2-ketols. 


Cinerolone : 2-Hydroxyepicamphor * 
Dihydrocinerolone . - cycloHexan-2-ol-1l-one * 
Tetrahydropyrethrolone 5 


* Baer, J]. Amer. Chem. Soe., 1942, 64, 1419. 


These results prove that the 1 : 2-ketol system cannot be present and provide strong indirect 
support for a 1: 3-ketol structure in both dihydrocinerolone and tetrahydropyrethrolone 
(derived from the natural source) when considered with the evidence adduced by LaForge and 
Soloway (loc. cit.) and by Dauben and Wenkert (loc. cit.). The presence of the double bond in 
the side chain of cinerolone accounts for the absorption of one mole of lead tetra-acetate (Dimroth 
and Schweizer, Ber., 1923, 56, 1375; Fischer, Baer and Feldmann, ibid., 1930, 68, 1732) by this 
compound as is demonstrated by the fact that the corresponding dihydro-derivative is inert 
towards this reagent. 


EXPERIMENTAL. 
(Analyses are by Drs. Weiler and Strauss, Oxford.) 


Tetrahydropyrethrolone.—Tetrahydropyrethrolone semicarbazone, m. p. 192—193°, was prepared 
by known methods; the tetrahydropyrethrolone regenerated in the presence of cold potassium hydrogen 
sulphate solution (LaForge and Haller, J. Amer. Chem. Soc., 1936, 58, 1779) had b. p. 124°/0-6 mm.; 
nB 1-4912; a?" 9-8°; AA max. 2320 a., « = 11,800, and 3130 a., « = 65 (Gillam and West, /J., 1942, 
487, 672; West, J., 1945, 412); CH,(C), 14-3, 14-8% (cf. LaForge and Barthel, Ind. Eng. Chem. Anal., 
1944, 16, 434). In a typical experiment, this sample (89-5 mg.), dissolved in 70% v/v aqueous acetic 
acid (7 ml.), was mixed with a solution of lead tetra-acetate (594-7 mg. == 26-85 ml. of 0-1N-sodium 
thiosulphate) in glacial acetic acid (25 ml.). After the mixture had been left for 24 hours at room 
temperature, 80 ml. of an aqueous solution containing sodium acetate (32-8 g.) and potassium iodide 
(4 g.) were added; the liberated iodine required 26-56 ml. of 0-1N-sodium thiosulphate == 588-1 mg. lead 
tetra-acetate (6-6 mg. consumed). In a blank experiment the equivalent of 3-3 mg. was required. 

Cinerolone and Dihydrocinerolone.—A sample of cinerolone semicarbazone A, prepared essentially as 
described by LaForge and Barthel (J. Org. Chem., 1945, 10,.106) had m. p. 202—203°; [a]p — 186° 
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(c, 1 in pyridine); AA max. 2660 a., « = 18,300 and 2320 a, « = 10,900; CH,(C), 121% (Found: C, 
59-8; H, 7-5. Calc. for C,,H,,0,N,;: C, 59-2; H, 7-6%). Cinerolone A, (141-8 mg.), regenerated from 
this semicarbazone (LaForge and Barthel, J. Org. Chem., 1945, 10, 118), was dissolved in acetic acid 
(70% v/v) (14 ml.) and mixed with a solution of lead tetra-acetate (933-8 mg. = 42-16 ml. of 0-IN-sodium 
thiosulphate) in glacial acetic acid (40 ml.). After 24 hours, sodium acetate-sodium iodide solution 
(120 ml.) was added; the liberated iodine required 23-69 ml. of 0-1N-sodium thiosulphate = 524-7 mg. 
lead tetra-acetate (409-1 mg. consumed). Blank, nil. 

Cinerolone semicarbazone was hydrogenated to give, by known methods (LaForge and Barthel, 
loc. cit.; West J., 1946, 465), dihydrocinerolone semicarbazone A,, having m. p. 191—192°; [alp — 180° 
(c, 0-249 in pyridine). The dihydrocinerolone (62-2 mg.) regenerated therefrom by the method described 
above consumed only 6-6 mg. of lead tetra-acetate after 24 hours. (Each of the above ketones was 
derived from pyrethrum extracts prepared from Kenya pyrethrum flowers.) Determinations of 


absorption spectra were made in ethyl-alcoholic solutions on a Hilger E, quartz spectrograph in conjunction 
with a Spekker photometer. 


We are greatly indebted to Dr. A. E. Gillam, F.R.I.C., for his kindness in making available the 
absorption-spectra data. 


BANTING AND BEst DEPARTMENT OF MEDICAL RESEARCH, UNIVERSITY OF TORONTO. 
ONTARIO RESEARCH FOUNDATION, TORONTO 5, ONTARIO. 


(Received, April 2nd, 1948.) 





21. Some Perhydrophenanthrenecarboxylic Acid Derivatives. 


By R. A. Baxter, W. L. Norris, and (in part) D. S. Morris. 


The Diels-Alder reaction between l-vinylnaphthalene and f-acetylacrylic acid yields an 
adduct consisting of a mixture of the two possible structural isomers, which rearrange readily 
to the naphthalene analogues. 

Citraconic anhydride failed to condense satisfactorily with l-vinylnaphthalene, but with 
6-methoxy-1l-vinyl-3 : 4-dihydronaphthalene it gives an adduct, from which on hydrolysis two 


acids, shown to be 7-methoxy-l-methyl- and 7-methoxy-2-methyl-hexahydrophenanthrene- 
1 : 2-dicarboxylic acids, have been obtained. 


CoHEN and WaRREN (J., 1937, 1315) showed that maleic anhydride condensed readily 


with l-vinylnaphthalene, yielding 1: 2:3: 11-tetrahydrophenanthrene-! : 2-dicarboxylic acid 
anhydride, which rearranged under acid conditions to give 1 : 2: 3 : 4-tetrahydrophenanthrene- 
1 : 2-dicarboxylic acid anhydride. The same series of reactions was successful with 6-methoxy-1- 
vinylnaphthalene. 
6-Acetylacrylic acid would be expected to function likewise as a dienophile, although two 
possible structural isomers (I) and (II) might result. This expectation has now been realised, 
condensation occurring in boiling xylene solution, but the resulting adduct could not be purified 
because of its insolubility in organic solvents. However, on treatment with boiling glacial 
acetic acid, a more soluble, lower-melting product was obtained, which is a mixture of the two 
possible acetyl-1 : 2:3: 4-tetrahydrophenanthrenecarboxylic acids (III) and (IV). This 
isomerisation occurred more easily than the similar transformation described by Cohen and 
Warren (loc. cit.), since both the adduct and the rearranged material showed identical ultra- 
violet light absorption of the naphthalene type, rearrangement of the adduct apparently occurring 
on effecting solution. Moreover, after being left in solution in 0°1N-alkali for an hour, followed 
by precipitation with acid, the adduct was completely converted into the lower-melting product. 
This latter was finally obtained as prisms, m. p. 160°5—161°5°, not changed by further crystal- 
lisation, although subsequent experiments showed that it was still a mixture of (III) and (IV). 
Reduction of the carbonyl group, either directly by the Clemmensen method, or, more satis- 
factorily, by the modified Wolff-Kischner procedure described by Cook and Linstead (/., 1934, 
946), gave the corresponding ethyl 1 : 2 : 3: 4-tetrahydrophenanthrenecarboxylic acid mixture, 
but here again no satisfactory separation into the two components could be effected by crystal- 
lisation. The reduction product underwent simultaneous dehydrogenation and decarboxylation 
when heated with selenium at 300°, to give a product, m. p. 47°, with the composition 
of ethylphenanthrene. Construction of melting-point curves using known mixtures of synthetic 
l-ethylphenanthrene (Haworth, J., 1932, 1125; 1934, 454) and 2-ethylphenanthrene (Mosettig 
and Van de Kamp, J. Amer. Chem. Soc., 1930, 52, 3704; Haworth and Mavin, J., 1933, 1012), 
and their corresponding picrates, indicated that the material, m. p. 47°, contained some 80% of 
l-ethylphenanthrene and 20% of 2-ethylphenanthrene, thus showing that the original adduct 
contained the two possible forms (I) and (II). When the original adduct was heated with 
selenium, pure l-ethylphenanthrene was easily obtained from (I). Since transformation 
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involves loss of the carboxyl group, reduction of the carbonyl group, and aromatisation of the 
ring system, it would appear that a break at some stage in the sequence of reactions in the case 
of (II) may have occurred. 


CO,H OMe 


CO,H 
Va 
(I.) (II.) . (IV.) 


The behaviour of acraldehyde, «-methyl-8$-ethylacraldehyde, ethyl B-ethylacrylate, «-methyl- 
B-ethylacrylic acid, {-acetyl-«-methylacrylic acid, and citraconic anhydride as possible 
dienophiles in the Diels—Alder reaction with l-vinylnaphthalene was also examined. Of these, 
only citraconic anhydride showed signs of condensation, but the product was polymeric. The 
anticipated products were obtained with citraconic anhydride and 6-methoxy-1-vinyl-3 : 4- 
dihydronaphthalene; in the latter reactant the diene system is not also part of an aromatic 
nucleus. Breitner has been reported (C.J.0.S. Report Item No. 24, File No. XXV—54, p. 20) 
to have found that only one of the two possible products was formed. After our examination 
of this reaction had been completed, a full account was published by Heer and Miescher (Helv. 
Chim. Acta, 1948, 31, 219), and, consequently, our findings are only given in outline. 

6-Methoxy-1-vinyl-3 : 4-dihydronaphthalene was prepared by a modification of the method 
described by Breitner (Joc. cit.) involving the condensation of 6-methoxy-1-tetralone with 
acetylene in dioxan in presence of sodium acetylide. The unreacted ketone was, however, more 
conveniently removed with the Girard reagent, and partial hydrogenation of the triple bond 
effected catalytically over a palladium—calcium carbonate catalyst (Heilbron, Jones, McCombie, 
and Weedon, /., 1945, 84). 

This naphthalene reacted exothermally with citraconic anhydride, and treatment of the re- 
action mixture with alkali gave a mixture of two isomeric acids, separated by fractional crystallis- 
ation into (A) and the less soluble (B). Heating of (A) or (B) with selenium established the 
fundamental structure of these two acids, (A) giving 7-methoxy-2-methylphenanthrene, while 
(B) gave 7-methoxy-1-methylphenanthrene, identical with a synthetic specimen prepared by the 
method of Short, Stromberg, and Wiles, (J., 1936, 319). 7-Methoxy-2-methylphenanthrene 
has been reported by Dane (Amnalen, 1938, 536, 183) as arising by dehydrogenation of the 
product of condensation of propiolic ester and 6-methoxy-1-ethynyl-3 : 4-dihydronaphthalene, 
while Heer and Miescher (loc. cit.) obtain it by dehydrogenation of 7-methoxy-2-methyl- 
1: 2:3: 4-tetrahydrophenanthrene-2-carboxylic acid, but an unambiguous synthesis is now 
recorded. Clemmensen reduction of 8-(5-bromo-6-methoxy-2-naphthoyl)-u-butyric acid gave 
a-(5-bromo-6-methoxy-2-naphthyl)isovaleric acid, the nuclear bromine being then removed 
catalytically to give a-(6-methoxy-2-naphthyl)isovaleric acid. Ring closure of the acid chloride 
of the last compound with stannic chloride gave 4-keto-7-methoxy-2-methyl-1 : 2: 3 : 4-tetva- 
hydrophenanthrene, which on Clemmensen reduction followed by selenium dehydrogenation 
gave 7-methoxy-2-methylphenanthrene, identical with the material obtained from acid (A). 
Acid (A) must, consequently, be a 7-methoxy-2-methylhexahydrophenanthrene-1 : 2-di- 
carboxylic acid, and (B) is the corresponding l-methyl compound, conclusions which are in 
agreement with those reached by Heer and Miescher. 

Partial dehydrogenation is shown to be readily accomplished in this type of compound, 
since, when the dimethyl ester of (A) was dehydrogenated with palladium—charcoal, two isomeric 
tetrahydrophenanthrenedicarboxylic esters were produced. 


EXPERIMENTAL. 


All melting points are uncorrected. Microanalyses by Drs. Weiler and Strauss. Light absorption 
data by Dr. Strauss. 

Condensation of 1-Vinylnaphthalene with B-Acetylacrylic Acid.—A solution of 1-vinylnaphthalene 
(8-33 g., Cohen and Warren, Joc. cit.) and B-acetylacrylic acid (9-2 g., Wolff, Ber., 1887, 20, 425; Amnnalen, 
1891, 264, 245) in dry xylene (13 c.c.) was refluxed for 1 hour, cooled, and diluted with benzene (20 c.c.). 
Unchanged f-acetylacrylic acid (0-9 g.) was removed and the filtrate extracted with sodium hydroxide 
(100 c.c., N). Acidification of the aqueous layer with acetic acid gave a gummy precipitate, which was 
collected and treated with boiling ethanol. The colourless microcrystalline adduct (5-25 g.) 
which remained undissolved was collected. It had m. p. 245—247° (decomp.), and was virtually insoluble 
3 ne = — solvents except acetic acid (Found: C, 75-1; H, 5-9. Calc. for C,,H,,0,: 

’ 7 “1; ’ “0 0) 
Rearrangement was effected by boiling a solution of the adduct (5 g.) in glacial acetic acid (50 c.c.) 





{1949} Some Perhydrophenanthrenecarboxylic Acid Derivatives. 97 


for 30 minutes. The cooled solution was poured into water (500 c.c.) and the mixture kept for 48 hours, 
The precipitated mixture of acetyl-1 : 2 : 3 : 4-tetrahydrophenanthrenecarboxylic acids (5 g.) had m. p. 
157—159°, and, after several crystallisations from ethanol and finally from ethyl acetate, formed 
colourless prisms, m. p. 160-5—161-5°, not altered by further crystallisation (Found: C, 76-0; H, 5-9. 
Calc. for C,,H,,0,;: C, 76:1; H, 60%). Both the adduct and the rearranged material rapidly 
decolourised alkaline permanganate solution. The mixture of semicarbazones crystallised from ethanol- 
benzene (%: 1 by vol.) in colourless prisms, m. P. 254-5° (decomp.) (Found: C, 66-6; H, 6-0; N, 13-0. 
Calc. for C,g,H,,0O,N,;: C, 66-4; H, 5-9; N, 129%). The 2: 4-dinitrophenylhydrazones of the ethyl 
esters formed prisms, m. p. 184—185° (Found: C, 62-5; H, 5-0; N, 11-6. Calc. for C,,HyO,N,: C, 
63-0; H, 5:1; N,11-8%). The same 2: 4-dinitrophenylhydrazones were obtained from the condensation 
product of l-vinylnaphthalene and ethyl f-acetylacrylate. 


Light absorption. A max., A. Log « max. 
Adduct and isomerised product 2840 3°75 
3220 2-43 
1: 2:3: 11-Tetrahydrophenanthrene-1 : 2-dicarboxylic acid anhydride 2500 4-28 
3000 3-65 
1: 2:3: 4-Tetrahydrophenanthrene-1 : 2-dicarboxylic acid anhydride <2200 >4-29 
2715 3-71 
2805 3-74 


Ethyl 1:2:3:4-Tetrahydrophenanthrenecarboxylic Acids.—Clemmensen reduction of the above 
keto-acid mixture (2 g.) yielded a mixture of ethyl 1 : 2 : 3 : 4-tetrahydrophenanthrenecarboxylic acids 
(0-3 g.) as colourless prisms, m. p. 148°, from benzene (Found: C, 80-3; H, 7-2. Cale. for C,,H,,0, : 
C, 80-3; H, 7:1%). The modified Wolff—-Kischner procedure described by Cook and Linstead (loc. cit.) 
was more successful. A melt of the semicarbazones, m. p. 245° (2-1 g.), and potassium hydroxide 
(2-0 g.) was heated at 200—210° for 1 hour. The reaction mixture was cooled and acidified, and the 
precipitated acid collected and dried in a vacuum at room temperature. The crude — (1-7 g.), 
which melted over a wide range, was crystallised from aqueous ethanol and finally from ethyl acetate—light 
petroleum (b. p. 60—80°) to give prisms (0-52 g.), m. p. 150—151°, not depressed on admixture with 
material prepared by the Clemmensen method. 

Selenium Treatment.—The crude reduced material (0-5 g.) was heated at 280—300° for 24 hours with 
selenium (0-75 g.), and the mixture was cooled and extracted with ether (no acidic material was obtained 
on washing the extract with alkali). The solvent was removed, the residue distilled under reduced 
pressure from sodium, and the distillate crystallised from ethanol to give colourless plates, m. p. 47°, not 
altered by sublimation in high vacuum (Found: C, 93-6; H, 6-5. Calc. for C,,H,,: C, 93-2; H, 6-8%). 
The picrate had m. p. 105—106°. 

he purified reduced acids, m. p. 150—151°, treated in similar manner, gave 1-ethylphenanthrene, 
m. p. 59°, after crystallisation from ethanol. 

The adduct when similarly treated gave, after one crystallisation from ethanol, l-ethylphenanthrene, 
m. p. 62-5°, not depressed on admixture with an authentic sample (Found: C, 92-6; H, 7-0. Calc. 
for C,gH,,: C, 93-2; H, 6-8%). 

Mixed Melting Points of 1- and 2-Ethylphenanthrene.—The melting-point curve of authentic specimens 
of 1- and 2-ethylphenanthrene was obtained by melting the required amount of the two components 
together. Samples of the melts, which all resolidified readily, were then observed in an ordinary melting- 
point apparatus, the point of final clearance being recorded in the Table. For the melting points of the 
mixed picrates, homogeneous, known compositions were obtained by dissolving the two com- 
ponents in a small volume of methanol and removing the solvent at room temperature in a vacuum 
over concentrated sulphuric acid. 


1-Ethylphenanthrene, % 95 92 90 83-4 80 75 70 
Pp. 54° s-B2-5°ss«2-B° 47° 465° 47° 47°59 
1-Ethylphenanthrene, % 56° 560 40 33-3 25 15 0 
M. p. 48° 495° 53° 53-5° 57-5° 62° 64° 
1-Ethylphenanthrene picrate, % 80 65 50 35 20 0 
M. p. 106° 103° 98-5° 95° 93° 94-5° 


B-Acetyl-a-methylacrylic Acid.—This was prepared in low yield from a-methyl-levulinic acid by a 
procedure based on that of Wolff (Joc. cit.) for B-acetylacrylic acid. It crystallised from benzene in 
colourless needles, m. p. 102—102-5° (Found: C, 56-6; H, 6-3. Calc. for C,H,O,: C, 56-3; H, 6-3%). 
Ajello and Cusmano (Gazzetta, 1940, 70, 512) report B-acetyl-a-methylacrylic acid, m. p. 98°, as a 
degradation product of 5-nitroso-2 : 4-dimethylpyrrole. 

Condensation of 6-Methoxy-1-vinyl-3 : 4-dihydronaphthalene with Citraconic Anhydride —On mixing 
the naphthalene (6 g.) with citraconic anhydride (4g.) a deep-yellow colour developed, and after the mixture 
had been warmed to 70—75° the temperature rose to 125°. The viscous product could not be induced to 
crystallise on cooling. It was extracted with boiling sodium hydroxide solution (200 c.c., 2N), the 
insoluble material removed with ether, and the alkaline extract acidified with dilute sulphuric acid. A red 
oil separated which solidified on standing. It was collected and treated with hot ethanol (50c.c.); part 
dissolved, and, on cooling, the ethanolic extract deposited an acid (A) (1-1 g.), m. p. 165—170°, which after 
3 crystallisations from ethanol formed prismatic needles, m. p. 180—181°, containing 1 mol. of water of 
crystallisation lost at 100° in a high vacuum (Found: C, 68-5; H, 6-2. Calc. for C,sH,O0,: C, 68-3; 
H, 6-4%). The material insoluble in ethanol (1 g.) had m. p. 200—220°. After 2 crystallisations from 
2-ethoxyethanol, acid (B) formed small colourless needles, m. p. 235° (decomp.) (Found: C, 68-1; H, 
6-5. Calc. for C,,H.».O,: C, 68-3; H, 6-4%). 

On treatment with acetyl chloride or acetic anhydride acid (A) yielded an anhydride, m. p. 164—165°, 

H 


ai. 
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as needles from chloroform-light petroleum (b. p. 60—80°) (Found: C, 72-7; H, 63%). Heer and 
Miescher (loc. cit.) give m. p. 148° for this anhydride. (B) similarly formed an anhydride, m. p. 125° 
(Found: C, 72-0; H, 6-0. Calc. for C,,H,,0,: C, 72-5; H, 6-1%). Both (A) and (B) gave crystalline 
dimethyl] esters, m. p. 104—105° (Found: C, 69-9; H, 7-3%), and m. p. 160—161° (Found: C, 69-8; 
H, 7-0. Calc. for C..H,,0,: C, 69-8; H, 7-0%), respectively, when treated with diazomethane. 

Selenium Dehydrogenations.—(A) (0-2 g.) was heated with selenium (0-25 g.) at 300—320° for 18 hours. 
The residue was extracted with chloroform, and the oil thus obtained distilled from a little sodium in a 
high vacuum. The solid distillate was further purified by passage of its benzene solution through a 
short column of activated alumina; after crystallisation from methanol it formed blades or needles, m. p. 
142—143°, not depressed on admixture with the synthetic specimen of 7-methoxy-2-methylphenanthrene 
described below. 

When (B) (0-2 g.) was similarly treated with selenium (0-25 g.), 7-methoxy-1-methylphenanthrene, 
m. p. 129—130°, was obtained as colourless needles showing no depression in melting point when mixed 
with a synthetic specimen prepared by the method of Short, Stromberg, and Wiles (Joc. cit.). A mixture 
of the isomeric methoxymethylphenanthrenes obtained from the two acids melted at 115—120°. 

Synthesis of 7-Methoxy-2-methylphenanthrene.—B-(5-Bromo-6-methoxy-2-naphthoyl)-n-butyric acid 
(5 g., Haworth and Sheldrick, J., 1934, 864) was refluxed vigorously with a mixture of amalgamated zinc 
wool (12 g.), hydrochloric acid (20 c.c.), water (7c.c.), and toluene (10c.c.) for 12 hours. The mixture 
was diluted with water and extracted with ether, from which the product was obtained by shaking with 
2n-sodium hydroxitle solution and acidification of the alkaline layer. 

a-(5-Bromo-6-methoxy-2-naphthyl)isovaleric acid (3-5 g.) separated and crystallised as colourless plates 
from aqueous ethanol, m. p. 130—131° (Found : C, 56-6; H, 5-2. C,,H,,O,Brrequires C, 57-1; H, 5-1%). 
This bromo-acid (1 g.) was dissolved in methanolic potassium hydroxide (100 c.c., 5%) and shaken with 
hydrogen in presence of palladium-calcium carbonate catalyst (2 g., Busch and Stéve, Ber., 1916, 49, 
1064). The theoretical amount of hydrogen was absorbed in 25 minutes. Acidification of the solution 
obtained by filtration of the catalyst and distillation of most of the methanol gave a-(6-methoxy-2- 
naphthyl)isovaleric acid (0-6 g.) as plates from aqueous methanol, m. p. 114—115° (Found: C, 73-8; H, 
7:2. C,gH,,0;3 requires C, 74-4; H, 70%). This acid (3 g.) was treated with phosphorus pentachloride 
(3 g.) in benzene (10 c.c.). After being warmed to complete the reaction, the solution was diluted with 
benzene (10 c.c.) and cooled to solidification point; stannic chloride (4 c.c.) in benzene (4 c.c.) was then 
added. The mixture was kept at room temperature for 3 hours and then treated with ether and dilute 
hydrochloric acid. The organic layer was separated, washed with water, dilute sodium carbonate and 
again with water, dried, and the solvents distilled. The residue, crystallised from methanol, gave 
4-keto-7-methoxy-2-methyl-1 : 2: 3: 4-tetrahydrophenanthrene (2 g.) as plates, m. p. 111°, readily subliming 
at 100°/10* mm. (Found: C, 79-7; H, 6-6. C,,H,,O, requires C, 80-0; H, 6-7%). A mixture of the 
cyclic ketone (2 g.), amalgamated zinc (15 g.), hydrochloric acid (20 c.c.), glacial acetic acid (20 c.c.), 
and toluene (15 c.c.) was refluxed for 18 hours. After addition of water and ether, the organic layer was 
separated, and washed with water and then with two portions of 2N-sodium hydroxide (25 c.c. each). 
The alkaline extract was warmed with methyl sulphate (2 c.c.) on the steam-bath. This solution was 
then re-extracted with ether and the extract combined with the previous extract. After drying and 
removal of the solvents, the residue (1-6 g.) partly crystallised but was not further purified. This 
material (0-5 g.) was heated with selenium (0-75 g.) at 300° for 18 hours. The 7-methoxy-2-methy]l- 
phenanthrene, isolated with chloroform and distilled from sodium, after crystallisation from methanol 
formed colourless blades or needles, m. p. 142—143°, not depressed on admixture with the material 
a 64%) by dehydrogenation of acid (A) (Found: C, 86-3; H, 64. Calc. for C\,.H,,O: C, 86-6; 
H, 6-4%). 

Partial Dehydrogenation of the Dimethyl Ester of (A).—The ester (0-2 g.) was heated in a sealed tube 
with palladium—charcoal (0-3 g., 15%) in acetone (10 c.c.) at 200° for 5 hours. The filtered solution was 
evaporated to dryness and crystallised from a little methanol; needles of the dimethyl tetrahydrophen- 
anthrenedicarboxylate separated which, after 3 crystallisations from methanol, had m. p. 167° (Found : 
C, 70-25; H, 6-6. C,H,.O, requires C, 70:2; H, 65%). The original mother liquor on standing 
deposited an isomer as feathery needles, which after crystallisation from light petroleum (b. p. 60—-80°) had 
m. p. 97°, depressed to 80—85° when mixed with the dimethyl ester of (A) (Found: C, 70-1; H, 66%). 


The authors wish to thank the Director of Research, Dr. J. S. H. Davies, for his interest 
and encouragement during the course of the work. 
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22. Synthetic Antimalarials. Part XXXIII. An Alternative Route to 
N}-Aryl-N5-Alkyldiguanides and Related Compounds: the Condens- 
ation of Guanidines and Cyanamides. 


By A. D. AINLEY, (the late) F. H. S. Curp, and F. L. Rose. 


Alternative methods for the Se oe of the highly active antimalarial diguanide 


(N}-p-chlorophenyl-N5-alkyl- and -N5 : N5-dialkyl-diguanides) described in Part X (J., 1946, 
729) have been discovered in the condensation of p-chlorophenylcyanamide with mono- and NN- 
di-alkylguanidines and in the reaction of mono- and di-alkylcyanamides with p-chlorophenyl- 
guanidine. The most suitable conditions were found to be the interaction of the two substances 
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in boiling butanol (or pentanol or toluene) solution. The scope of these reactions for the 
a. aration of other types of diguanides has also been explored. 
he condensation of isopropylcyanamide with N-p-chlorophenyl-N’-methylguanidine has 

been shown to give rise to N}-p-chlorophenyl-N*?-methyl-N*-:sopropyldiguanide and not the 
corresponding N}-p-chlorophenyl-N*-methyl compound. Similarly, p-chlorophenylcyanamide 
and ed ‘-tsopropylguanidine afforded N1-p-chlorophenyl-N*-methyl-N®5-tsopropyl- 
diguanide 

The new methods have been used, in conjunction with the methods described in earlier papers 
(Part X, loc. cit.; Part XXVIII, J., 1948, 1630), to prepare an extensive series of N1-p- 
bromophenyl-N5-substituted diguanides for biological comparison with the corresponding 
N}-p-chlorophenyl compounds. 


In previous papers of this series we have described the synthesis of N'-aryl-N5-alkyl- and 
-N5 ; N5-dialkyl-diguanides (I; R’ = alkyl, R” = H or alkyl) not only by condensation of an 
aryldicyandiamide with a mono- or di-alkylamine (Part X, J., 1946, 729) but also from an 
N3-alkyl- or N® : N3-dialkyl-dicyandiamide and an arylamine (Part XXVIII, /., 1948, 1630). 
Theoretically it seemed possible that the diguanides (I) should also be capable of synthesis 
from different fragments indicated by the lines (a) and (d), and this was supported by the work 
of Rathke (Ber., 1879, 12, 776) who condensed cyanamide with guanidine and with salts of 
guanidine to give diguanide, although only in minute yields, and of Schotte, Priewe, and 
Roescheisen (Z. physiol. Chem., 1928, 174, 119) who showed that diethylcyanamide will condense 
with guanidine and guanidine hydrobromide on long standing in alcoholic solution in the cold 
to give N!: N!-diethyldiguanide. The latter workers also isolated N1: N!: N® : N5-tetraethyl- 
diguanide (as its picrate), likewise in small yield, from condensation of diethylcyanamide with 
NN-diethylguanidine and its hydrobromide under similar conditions. We accordingly decided 
to investigate the condensation of mono- and di-alkylcyanamides with arylguanidines and of 
arylcyanamides with mono- and di-alkylguanidines. 

When this work had been in progress for some time, and the results made the subject of 
B.P.Applin. 35238/45, Das Gupta, Gupta, and Basu (Science and Culture, 1946, 11, 704) reported 
the preparation of N1-p-chlorophenyl-N5-isopropyldiguanide nitrate by heating p-chlorophenyl- 
guanidine nitrate with isopropylcyanamide, although they gave no experimental data. More 


recently Bami, Iyer, and Guha (J. Ind. Inst. Sci., 1947, 29A, 1) have given details of the same 
process. 


(a) (0) 


Seni RZ Re re RC_S-NR‘CN 
(.) NH ‘NH (I.) NH (III) 


RR’N-CN lg ity <a -NHR eer -NR’R” 


(IV.) (V.) NR” (VI.) R” (VII.) 


In view of the known ease with which the lower monoalkylcyanamides polymerise (McKee, 
Amer. Chem. J., 1906, 36, 208), our initial experiments were carried out with the more stable 
dialkylcyanamides. Dimethylcyanamide (IV; _R = R’ = Me) was found to condense with 
p-chlorophenylguanidine (II; R= Cl, R’ = H) hydrochloride in boiling butanol solution 
(cf. the condensation of cyanamides with amine hydrochlorides in boiling butanol, King and 
Tonkin, J., 1946, 1063) to give N1!-p-chlorophenyl-N5 : N%-dimethyldiguanide (I; R = Cl, 
R’ = R” = Me), but diethylcyanamide (IV; R= R’ = Et) failed to react under similar 
conditions. However, dimethylcyanamide did not react with N-phenyl-N-methylguanidine 
(II; R =H, R’ = Me) hydrochloride, nor was the analogous condensation of phenylmethyl- 
cyanamide (III; R= H, R’ = Me) with dimethylguanidine (V; R= R’ = Me, R” = H) 
sulphate achieved. ‘Further, an attempt to condense methylisopropylcyanamide (IV; R = Me, 
R’ = Pr') with p-chlorophenylguanidine hydrochloride by fusion at 120—140° led to a trace 
only of diguanide formation, but p-chlorophenylguanidine nitrate similarly fused with isopropyl- 
cyanamide (IV; R =H, R’ = Pr') gave easily isolatable amounts of N}-p-chlorophenyl-N5- 
isopropyldiguanide (‘‘ Paludrine ”’) nitrate (cf. Das Gupta et al., loc. cit.; Bami et al., loc. cit.). 

In B.P. 279,884 it is claimed that improved yields of guanidines are obtained from the reaction 
of cyanamide with amines when a mixture of the amine and amine salt is used. This led us to 
try the condensation of diethylcyanamide with -chlorophenylguanidine together with its 
hydrochloride in boiling butanol solution; this gave a small yield of N1-p-chlorophenyl-N$ : N5- 
diethyldiguanide. Other solvents such as toluene could also be used. The method was then 
found to be equally applicable to the preparation of (I; R = Cl, R’ = H, R” = Pr‘), either 
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from isopropylcyanamide, /-chlorophenylguanidine and its hydrochloride, or from 
isopropylguanidine (V; R = R” = H, R’ = Pr’) and its sulphate with p-chlorophenylcyanamide 
(III; R=Cl, R’=H). The last substance reacted similarly with dimethylguanidine and 
the sulphate of (V; R= R’ = Me, R” = H) to give N!-p-chlorophenyl-N® : N5-dimethyl- 
diguanide, while with methylguanidine and the corresponding sulphate (I; R = Cl, R’ = H, 
R” = Me) resulted. 

Subsequent work showed that when the fusion or solvent methods were employed it was 
unnecessary to have the guanidine present in part as its salt, and the use of the base alone is 
exemplified in the following reactions. isoPropylcyanamide condensed with NN-dipheny]l- 
guanidine (II; R =H, R’ = Ph) and diphenylcyanamide (III; R= H, R’ = Ph) with 
isopropylguanidine to give N!: N'-diphenyl-N5-isopropyldiguanide (VII; R= Ph, R’ = H, 
R” = Pri), while -chlorophenylcyanamide reacted with phenylguanidine to give N'-phenyl- 
N5-p-chlorophenyldiguanide (VII; R= R’ =H, R” = p-C,H,Cl) and with -tolylguanidine 
to give (I; R=Cl, R’=H, R” = p-C,H,Me). cycloPentamethylenecyanamide- and 
NN-diphenylguanidine gave N!: N!-diphenyl-N5 : N5-cyclopentamethylenediguanide (VII; 
R = Ph, R’R” = [CH,],); phenylmethylcyanamide reacted with methylguanidine to 
give N!-phenyl-N! : N5-dimethyldiguanide (VII; R’ = H, R = R” = Me), with NN-dimethyl- 
guanidine to give N!-phenyl-N! : N5 : N5-trimethyldiguanide (VII; R = R’ = R” = Me), with 
N-phenyl-N-methylguanidine to give N!: N5-diphenyl-N!: N5-dimethyldiguanide (VII; 
R = R’ = Me, R” = Ph), and with -chlorophenylguanidine to give N!-phenyl-N5-p-chloro- 
phenyl-N!-methyldiguanide (I; R = Cl, R’= Me, R” = Ph). N!: N!-Diphenyl-N® : N5-dimethyl- 
diguanide (VII; R= Ph, R’ = R” = Me) resulted from the reaction of diphenylcyanamide 
with NN-dimethylguanidine. 

The successful use of the lower monoalkylcyanamides was surprising on account of the ease 
with which they polymerise at elevated temperatures. This polymerisation was found to be 
of only minor importance, however, since the yields of diguanide obtained from reactions in 
which they were employed were of the same order as those from the corresponding reactions 
using the more stable dialkylcyanamides. Another contributory factor would appear to be 
the much greater rate of reaction of the monoalkylcyanamides compared with that of the 
dialkylcyanamides, maximum diguanide formation being obtained in 15—30 minutes with the 
mono- and only after 2—3 hours with the di-alkyl compounds. Diguanide formation was 
conveniently followed by withdrawing aliquot samples during the course of the reaction, shaking 
with standard amounts of ammoniacal copper sulphate and benzene, and comparing the colour 
intensities of the benzene layers (cf. Gage and Rose, Ann. Trop. Med. Parasit., 1946, 40, 333). 

Our investigation was then extended to the condensation of substituted cyanamides with 
NN’-disubstituted guanidines in order to determine whether a N1: N?: N5- or a N1!: N3: N5- 
trisubstituted diguanide, or a mixture of both, would be formed. There was no reference in 
the literature to such a condensation having been tried, although Slotta and Tschesche (Ber., 
1929, 62, 1390) had shown that NN’N”’-triphenylguanidine condensed with cyanamide to give 
N!: N®: N3-triphenyldiguanide whereas they failed to effect the reaction of qpeanee with 
N N ’N”’-tri-p-ethoxyphenyl- and NN’N”’-trimethyl-guanidine. 

isoPropylcyanamide was found to condense with N-p-chlorophenyl-N’-methylguanidine 
{V; R=H, R’ = p-C,H,Cl, R” = Me) to give N!-p-chlorophenyl-N?-methyl-N5-isopropyl- 
diguanide (VI; R= Pri, R’= Me, R”’ =H) and not N!-p-chlorophenyl-N*-methyl-N5- 
isopropyldiguanide, and p-chlorophenylcyanamide reacted with N-methyl-N’-isopropylguanidine 
{V; R=H, R’ = Pri, R” = Me) to give N!-p-chlorophenyl-N*-methyl-N5-isopropyldiguanide 
{VI; R = Pri, R’ = H, R” = Me), both products being identical with those described previously 
(Parts XXIX and XXX, J., 1948, 1636, 1645). The reactions were carried out in boiling 
butanol solution and appeared to proceed as readily as in the case of N N-disubstituted guanidines. 

No evidence of the formation of a second isomer was obtained. 

; In addition to the above exploration of the scope of the reaction betmien cyanamides and 
guanidines, the method has been used for the preparation of a number of N!-p-bromophenyl- 
N*-mono- and -N5: N5-di-alkyldiguanides. These were required for comparison with the 
corresponding chloro-compounds for both therapeutic and prophylactic activity, since the 
assay of N!-p-bromophenyl-N5-isopropyldiguanide (Part XXVIII, Joc. cit.) had disclosed that 
it possessed somewhat higher antimalarial activity than N 1-p-chlorophenyl-N$-isopropy1- 
diguanide (unpublished results by Dr. D. G. Davey). 

Condensation of p-bromophenylcyanamide with methylguanidine gave N!-p-bromophenyl-N5- 
methyldiguanide (I; R= Br; R’ =H, R” = Me), isolated as its hydrochloride, and with 
cyclohexylguanidine (V; R= C,H,,, R’ = R” =H) afforded N?-p-bromophenyl-N®-cyclo- 
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hexyldiguanide (I; R= Br, R’=H, R” = C,H). isoPropylcyanamide was successfully 
_condensed with p-bromophenylguanidine to give N!-p-bromophenyl-N5-isopropyldiguanide 
identical with the compound described previously, and the same guanidine was then condensed 
with other monoalkylcyanamides to give the following N!-p-bromophenyl-N-alkyldiguanide 
hydrochlorides (as 1; R= Br, R’ =H, R” = alkyl): N5-ethyl, N5-n-propyl, N5-n-butyl, and 
N5-isobutyl. Similarly, by using the appropriate dialkylcyanamide a number of N!-p-bromo- 
phenyl-N5 : N5-dialkyldiguanides were made. These included the N5 : N5-dimethyl- (I; R = Br, 
R’ = R” = Me), N®: N5-diethyl (I; R= Br, R’ = R” = Et), N5-methyl-N5-isopropyl (I; 
R=Br, R’ = Me, R” = Pri) (hydrochloride), N5-methyl-N5-n-butyl- (I; R= Br, R’ = Me, 
R” = Bu"), and N§&:N5-cyclopentamethylene (I; R= Br, R’R” = [CH,];) compounds. 
Reaction of phenylmethylcyanamide with -bromophenylguanidine gave N‘5-phenyl-N'-p- 
bromophenyl-N*-methyldiguanide (I; R= Br, R’ = Ph, R” = Me). 

The authenticity of some of the above compounds was proved by their identity with the 
products obtained by condensing p-bromophenyldicyandiamide, readily prepared from 
p-bromoaniline hydrochloride and sodium dicyanamide by the method described in Part XXVIII 
(loc. cit.), with the hydrochlorides of isopropyl-, n-propyl-, isobutyl-, and methylisopropyl- 
amines. 

The condensation of p-bromophenyldicyandiamide with amine salts was also used to prepare 
N}1-p-bromophenyl-N5-sec.-butyldiguanide and N1!-p-bromophenyl-N5-tert.-butyldiguanide (I; 
R = Br, R’ = H, R” = Bu’ and Bu’) hydrochlorides. 

Finally p-bromoaniline hydrochloride was condensed with ethyldicyandiamide (Part 
XXVIII) to give N!-p-bromophenyl-N5-ethyldiguanide, identical with the substance obtained 
from -bromophenylguanidine and (IV; R=H, R’ = Et), and with methyl-n-propyldi- 
cyandiamide (forthcoming publication) to give N!-p-bromophenyl-N5-methyl-N5-n-propyldiguanide 
(I; R = Br, R’ = Me, R” = Pr*). 

The antimalarial activities of the new diguanides described in this communication will be 
published elsewhere. 


EXPERIMENTAL. 
Intermediates. 


Monoalkyicyanamides.—The alkylamine (0-1 g.-mol.) was dissolved in dry ether (50 c.c.), and cyanogen 
bromide (0-05 g.-mol.) added slowly to the stirred solution cooled to —5° to —10°. The addition of 
cyanogen bromide was regulated so that the temperature mever rose above —5°. When the 
addition was complete, the mixture was stirred for 4 hour, and the alkylamine hydrobromide filtered 
off and washed with ether. The filtrate and washings were combined and evaporated either to small 
bulk or to dryness under reduced pressure. Owing to the ease with which the lower monoalkylcyanamides 
polymerise, no attempt was make to purify the — and they were used either as crude oils or as 
concentrated ethereal solutions. The above method was used for the preparation of ethyl-, isopropyl-, 
n-propyl-, n-butyl-, isobutyl-, and cyclohexyl-cyanamides. ; 

Dialkvicyanamides.—These were prepared either by the method given above for the monoalkyl- 
cyanamides or by the modification described in U.S.P. 2,331,670 for the preparation of mono- 
alkylcyanamides in which the alkyl group contains more than 5 carbon atoms. The dialkylamine 
(1 g.-mol.) dissolved in benzene (400 c.c.) was treated with cyanogen bromide (1 g.-mol.) and sodium 
hedvontite (1 g.-mol.) (as 35% aqueous solution), the last two reactants being eraded stepwise and 
alternately so that the dialkylamine was regenerated from its hydrobromide before the next addition 
of cyanogen bromide. When the additions were complete the benzene layer was separated, dried, and 
evaporated under diminished pressure to leave the dialkylcyanamide as an oil which was purified by 
vacuum distillation. The following dialkylcyanamides were made in this way: dimethyl- and diethyl- 
(McKee, loc. cit.), cyclopentamethylene- (McKee, loc. cit.; Wallach, Ber., 1899, 32, 1873), methylisopropyl-, 
colourless oil, b. p. 73—80°/18 mm. (Found : N, 28-2. C,H , requires N, 28-6%), and susthyl-arsuiys. 
b. p. 87—88°/12 mm. (Found: N, 24-6. C,H, N, requires N, 25-0%). 

Arylcyanamides. —p-Chlorophenylcyanamide was prepared from ~-chlorophenylthiourea by treatment 
with lead hydroxide (cf. the a pene of p-tolylcyanamide from p-tolylthiourea by King and Tonkin, 
_ cit.); colourless needles from water, m. p. 106—107° (Mann, Naylor, and Porter, J., 1947, 916, give 

m. p. 103°). p-Bromophenylcyanamide was ee similarly from p-bromophenyithiourea, and formed 
long thin colourless prisms from alcohol, p. 123—124° (Pierron, Bull. Soc. chim., 1906, 35, 1203, 
records m. p. 112°). cantnehutarenendas prepared by the method of Wallach (loc. cit. ) was obtained 
as a pale yellow oil, b. p. 137—139°/15 mm., which slowly crystallised, m. p. 29°. Diphenylcyanamide 
was een by the following variation of the method of von Braun (Ber., 1900, $3, 1450). 
Diphenylamine (150 g.) was dissolved in benzene (100 c.c.) at 50°, cyanogen bromide (50 ’g.) added in 
small sustions, and the whole then heated for 17 hours at 70—80°. After cooling, the diphenylamine 
hydrobromide was filtered off, the benzene evaporated, and the residual oil dissolved in dry ether (300 c.c.). 
Saturation of the ethereal solution with dry hydrogen chloride precipitated some diphenylamine 
hydrochloride which was removed by filtration, ond the filtrate was evaporated to dryness under reduced 
pressure to leave an oil which partly crystallised on cooling. The crystalline material was freed from oil 
as far as possible by filtration, and finally crystallised from a small volume of alcohol to give 
diphenylcyanamide as colourless prisms, m 


. p. 69°. 
Guanidines.—Methylguanidine and NN-dimethylguanidine sulphates were prepared from the 
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respective amines and S-methylisothiourea sulphate (Phillips and Clarke, J. Amer. Chem. Soc., 1923, 
45, 1755). isoPropylguanidine sulphate was prepared by a similar process, as described in Part XXIX 
(loc. cit.). cycloHexylguanidine hydrochloride was prepared as follows. cycloHexylamine (99 g.) was 
dissolved in water (100 c.c.), and a solution of S-methylisothiourea sulphate (139 g.) in water (250 c.c.) 
added. After being left at 35° + 2° for 17 hours, the mixture was boiled under reflux for 4 hours, treated 
with carbon, and filtered, and the filtrate evaporated to dryness under reduced pressure. The residual 
crude cyclohexylguanidine sulphate was treated with excess of sodium hydroxide solution, the liberated 
base extracted with ether, and the dried ethereal solution saturated with dry hydrogen chloride to 
precipitate the hydrochloride. This was collected, dried, and crystallised from alcohol; colourless 
prisms, m. p. 226° (King and Tonkin, loc. cit., give m. p. 227°). p-Chlorophenylguanidine (Part XXV, 
J., 1948, 590) afforded a hydrochloride which crystallised from alcohol as colourless prisms, ‘~e % 166—167° 
(Found: C, 41-2; H, 4:4; N, 20-5; Cl’, 17-1. C,H,N;Cl,HCl requires C, 40-8; H, 4-4; N, 20-4; Cl’, 
17-2%), and a nitrate which formed colourless plates from water, m. p. 162—163° (Found: C, 36-5; H, 
3-9; N, 24:2. C,H,N,Cl,HNO, requires C, 36-1; H, 3-9; N, 24:1%). For the nitrate, G.P. 172,979 
(Héchster Farbwerke) records m. p. 166° but gives no analysis. Das Gupta et al. (loc. cit.) give m. p. 
140—141°, and Bami et al. (loc. cit.) give m. p. 142—143°. -Bromophenylguanidine hydrochloride, 
m. p. 175—176°, was prepared from p-bromoaniline hydrochloride and cyanamide in alcohol according 
to the method of Braun, Erit, and Crooks (J. Org. Chem., 1938, 3, 146). Condensation of cyanamide 
with the appropriate amine hydrochloride was also used to prepare p-tolylguanidine (cf. U.S.P. 1,575,865), 
NN-diphenylguanidine (Arndt and Rosenau, Ber., 1917, 50, 1262), and N-phenyl-N-methylguanidine 
hydrochloride (U.S.P. 1,575,865; Braun, J. Amer. Chem. Soc., 1933, 55, 1282). p-Methoxyphenyl- 
guanidine sulphate was prepared by the following method which was based on a recipe kindly supplied 
by Sir Robert Robinson (cf. Part I, J., 1946, 343). -Anisidine (48 g.), S-methylisothiourea sulphate 
(37-5 g.), and water (300 c.c.) were boiled under reflux for 27 hours. Some dark impurities were removed 
by filtration, and the filtrate, on cooling, deposited p-methoxyphenylguanidine sulphate (yield, 39-4 g.) 
which crystallised from alcohol—water as colourless prisms, m. p. 244—245°. 

p-Bromophenyldicyandiamide.—A solution of p-bromoaniline hydrochloride (49-2 g.) in water (150 c.c.) 
was added to a solution of sodium dicyanamide (24 g.) in water (300 c.c.). The precipitate, formed on 
mixing, readily redissolved on warming to 30—35°, and the mixture was stirred at 55—60° for 8 hours. 
After cooling, the product which had separated was collected, washed with water, and stirred with a 
solution of sodium hydroxide (36 g.) in water (400 c.c.) at 70—75° for 15 minutes. The mixture was then 
cooled to 40° by the addition of ice and filtered, and the filtrate made just acid with hydrochloric acid. 
The precipitated p-bromophenyldicyandiamide (yield, 44 g.) crystallised from alcohol as colourless prismatic . 
needles, m. p. 203—204° (Found: C, 40-0; H, 3-1; N, 23-6. C,H,N,Br requires C, 40-2; H, 2-9; N, 
23-4%). 


Preparation of Diguanides from Guanidines and Cyanamides. 
Condensation of Dimethylcyanamide with p-Chlorophenylguanidine Hydrochloride.—p-Chlorophenyl- 


guanidine hydrochloride (10-3 g.) and dimethylcyanamide (3-5 g.) in butanol (10 c.c.) were refluxed for 
16 hours. On cooling, the mixture deposited crystalline material which was collected, washed with light 
petroleum (b. p. 60—80°), and dried. This was dissolved in dilute hydrochloric acid, the solution filtered 
from a little insoluble matter, and the filtrate made just alkaline to brilliant-yellow with ammonia. The 
hydrochloride thereby precipitated was filtered off, washed with water, and converted into the base 
by redissolving it in dilute hydrochloric acid and pouring the solution into excess of sodium hydroxide 
solution. The precipitated crystalline material was collected, dried, and identified as N1-p-chlorophenyl- 
N5 : N5-dimethyldiguanide (I; R = Cl, R’ = R”’ = Me) (see Part X, Joc. cit.), m. p. and mixed m. p. 
168—169° (yield, 2-03 g.). 

The reaction of dimethylcyanamide with N-phenyl-N-methylguanidine hydrochloride and of 
phenylmethylcyanamide with NN-dimethylguanidine sulphate failed under these conditions. 

Condensation of isoPropyicyanamide with p-Chlorophenylguanidine Nitrate.—p-Chlorophenylguanidine 
nitrate (5-8 g.) was heated to 100° by means of an oil-bath, and excess of isopropylcyanamide (from 
isopropylamine, 11-8 g.) added. The mixture fell in temperature to 60°, and on being raised to 140°, 
became homogeneous at 80—85°. The reaction was slightly exothermic, the internal temperature 
reaching 148° with the bath maintained at 140°. At this temperature diguanide formation ap 
to reach a maximum after 15 minutes [as shown by the colour produced in the benzene layer on i 
a sample of the mixture (0-1 c.c.) with ammoniacal copper sulphate (1 c.c.) and benzene (1 c.c.)]. The 
mixture was thereupon cooled and extracted with boiling water (2 x 50 c.c.), and the extract filtered 
and cooled. The crystalline material which separated was shown to be N!-p-chlorophenyl-N®-i opyl- 
diguanide nitrate; long thin colourless needles from aqueous alcohol, m. p. 163—164° (Found: C, 39-8; 
H, 5:7; N, 24-7. C,,Hj.N,;Cl,HNO;,H,O requires C, 39-4; H, 5-7; N, 25-0%). It showed no depression 
of m. p. on admixture with an authentic specimen, m. p. 163—164° (Found : C, 39-8; H, 5-3; N, 24-7%), 

repared by dissolving N}-p-chlorophenyl-N*-isopropyldiguanide (Part X) in a slight excess of 

2n-nitric acid followed by neutralisation with ammonia. In admixture with ~-chlorophenylguanidine 
nitrate, m. p. 162—163°, the m. p. was depressed to 138—140°. 
_ Asimilar attempt to condense methylisopropylcyanamide with p-chlorophenylguanidine hydrochloride 
gave only a faint indication of diguanide formation even after prolonged heating (22 hours). 

Condensation of Diethylcyanamide with p-Chlorophenylguanidine and p-Chlorophenylguanidine 
Hydrochloride. hlorophenylguanidine (8-5 g.), ~-chlorophenylguanidine hydrochloride (10-3 g.), 
diethylcyanamide (4-9 g.), and butanol (20 c.c.) were refluxed for 1-5 hours. The mixture was then 
cooled, diluted with ether (120 c.c.), and left overnight. The small amount of material which separated 
was removed by filtration, and the filtrate extracted with 2n-hydrochloric acid. Addition of ammonia 
to the acid extract precipitated a sticky solid which was redissolved in dilute hydrochloric acid; copper 
sulphate and benzene were added, followed by ammonia to render the mixture alkaline. The benzene 
layer was then separated and the aqueous layer re-extracted with benzene. The combined benzene 
extracts containing the copper complex of the diguanide were shaken with dilute hydrochloric acid, the 
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acid extract separated, and the copper removed by precipitation with sodium sulphide. After filtration 
from the copper sulphide, the filtrate was neutralised with ammonia, and the precipitated solid collected 
and redissolved in dilute hydrochloric acid. Addition of this solution to excess of dilute sodium hydroxide 
precipitated N1-p-chlorophenyl-N5 : N5-diethyldiguanide which was collected, dried (yield, 0-83 g.), and 
crystallised from light petroleum (b. p. 100—120°); colourless needles, m. p. 134—135° either alone or 
in admixture with authentic material (Found : C, 53-5; H,6-5. Calc. forC,,H,,N,Cl: C, 53-8; H, 6-7%). 

Diethylcyanamide was also condensed with #-chlorophenylguanidine and its hydrochloride in 
boiling toluene solution to give (I; R = Cl, R’ = R’’ = Et). No diguanide formation could be detected 
in an experiment similar to that described above, with butanol as solvent, in which the p-chlorophenyl- 
guanidine base was omitted. 

Condensation of isoPropylcyanamide with p-Chlorophenylguanidine and p-Chlorophenylguanidine 
Hydrochloride.—p-Chlorophenylguanidine (8-5 g.), p-chlorophenylguanidine hydrochloride (10-0 g.), and 
butanol (20 c.c.) were heated on the steam-bath to 70—80°, and an ether-light petroleum solution of 
isopropylcyanamide (from isopropylamine, 8 g.) gradually added. The ether and light petroleum were 
evaporated, and the mixture then boiled for 2-5 hours and worked up as in the preceding experiment. 
The resulting base was dissolved in acetone and treated with acetic acid until just acid to litmus. 
This precipitated the acetate which was crystallised from acetone and shown to be identical with the 
acetate of N1-p-chlorophenyl-N5-isopropyldiguanide, m. p. and mixed m. p. 189—190° (Found: C, 
49-7; H, 6-4. Calc. for C,,H,,N,Cl,C,H,O,: C, 49-8; H, 6-4%). 

Condensation of p-Chlorophenylcyanamide with isoPropylguanidine and isoPropylguanidine Sulphate.— 
Sodium (0-55 g.) was dissolved in butanol (20 c.c.), isopropylguanidine sulphate (7-5 g.) added, and the 
mixture stirred and shaken (warm) for 15 minutes. -Chlorophenylcyanamide (3-8 g.) was then added 
to the suspension at 30°, and the mixture refluxed for 3 hours. After cooling, the mixture was diluted 
with 3 volumes of ether and filtered. The filtrate was extracted with 2n-hydrochloric acid, and the 
extract neutralised with ammonia. The precipitated solid was redissolved in 2N-hydrochloric acid, the 
solution added to dilute sodium hydroxide, and the precipitated solid collected, washed, and dried. This 
base was converted into the acetate as described above, and the product shown to be identical with 
N}-p-chlorophenyl-N°5-isopropyldiguanide acetate, m. p. and mixed m. p. 189—190°. 

Condensation of p-Chlorophenylcyanamide with NN-Dimethylguanidine and NN-Dimethylguanidine 
Sulphate.—Sodium (1-15 g.) was dissolved in butanol (20 ne dimethylguanidine sulphate (13-6 g.) 
added, and the mixture kept at 35° for 15 minutes with occasional shaking. -Chlorophenylcyanamide 
(7-6 g.) was then added and the mixture refluxed for 3 hours. The mixture was worked up as in the last 
experiment to give N1-p-chlorophenyl-N® : N5-dimethyldiguanide, m. p. and mixed m. p. 168—169°. 

Condensation of p-Chlorophenylcyanamide with Methylguanidine and Methylguanidine Sulphate.— 
Sodium (1-15 g.) was dissolved in butanol (35 c.c.), the solution cooled, and methylguanidine sulphate 
(12-2 g.) added. After addition of p-chlorophenylcyanamide (7-6 g.) the mixture was boiled for 2-25 
hours and then worked up as in the preceding two experiments to give a base which was converted into 
its hydrochloride by dissolving it in excess of 2N-hydrochloric acid and neutralising the solution with 
ammonia. Thissalt was found to be identical with N1-p-chlorophenyl-N5-methyldiguanide hydrochloride 
(Part X), m. p. and mixed m. p. 227—-228° (Found : N, 26-5. Calc. for C,H,,N,Cl,HCl: N, 26-7%). 

Condensation of Dimethylcyanamide with p-Chlorophenylguanidine.—Dimethylcyanamide (1-75 g.) 
and -chlorophenylguanidine (4-25 g.) were mixed and heated on the steam-bath for 2-5 hours. No 
exothermic reaction was detected. The melt became homogeneous at ca. 80°, and then slowly crystallised 
during the reaction. The mass was dissolved in dilute hydrochloric acid, the solution filtered, and the 
filtrate made just alkaline to brilliant-yellow with ammonia. The resulting precipitate was collected, 
washed with water, and redissolved in dilute hydrochloric acid. When this solution was poured into 
excess of dilute sodium hydroxide solution, a white precipitate of N Mary y tn Tag 5; N®-dimethyl- 
diguanide resulted (yield, 1-89 g.). It had m. p. and mixed m. p. 168—169° (Found: C, 50-2; H, 5-8. 
Calc. for C,,.H,,N;,Cl Pd Cc, 50-0; H, 5-8%). 

Condensation of Diethylcyanamide with p-Chlorophenylguanidine.—p-Chlorophenylguanidine (4-25 g.) 
and diethylcyanamide (2-25 g.) were mixed and heated on the steam-bath for 19-5 hours, and the mixture 
worked up as in the preceding experiment to give N1-p-chlorophenyl-N$ : N®-diethyldiguanide (yield, 
1-35 g.), m. p. and mixed m. p. 134—135°. 

Condensation of Methyl isoPropylcyanamide with p-Chlorophenylguanidine.—p-Chlorophenylguanidine 
(8-5 g.) and methylisopropylcyanamide (7-4 g.) were heated by means of an oil-bath at 120° + 5° for 3-5 
hours. After being left overnight the melt had partly crystallised, and was then diluted with an equal 
volume of toluene and extracted with 2n-hydrochloric acid (30 c.c.). The acid extract was made faintly 
alkaline to brilliant-yellow with ammonia, and the precipitated mixture of solid and oil separated by 
filtration and washing with ether. The solid was redissolved in 2N-hydrochloric acid, and the filtered 
solution poured into excess of dilute sodium hydroxide solution. The precipitated base was collected, 
washed with water, dried, and crystallised from toluene to give N}-p-chlorophenyl-N*5-methyl-N5- 
= yidiguanide (see Part X) (yield, 23%), m. p. and mixed m. p. 175° (Found: C, 53-9; H, 6-7. 

c. ior C,,H,,N,Cl : Cc. 53-8; H, 6-7%). 

Condensation of Dimethylcyanamide with p-Methoxyphenylguanidine.—p-Methoxyphenylguanidine 
(8-25 g.), dimethylcyanamide (3-5 g.), and butanol (20 c.c.) were boiled under reflux for 1-25 hours. The 
cooled mixture was diluted with benzene and then extracted thoroughly with 2N-hydrochloric acid. 
Addition of ammonia to the acid extract precipitated N‘-p-methoxyphenyl-N® : N5-dimethyldiguanide 
hydrochloride (yield, 30%) which crystallised from alcohol as aggregates of colourless fine prisms, m. p. 
225—226° (Found: Cl, 12-5. C,,H,,ON,,HCI1,0-5H,O requires Cl, 12-25%). This hydrochloride was 
converted into the base, which was identical with that described in Part X; colourless prisms from 
toluene, m. p. and mixed m. p. 141—142° (Found: C, 55-7, H, 7-0; N, 30-4. Calc. for C,,H,,ON,: 
C, 56-2; H, 7-2; N, 29-8%). 

The following diguanides were made in a similar way. 

N1-p-Tolyl-N5 : N5-diethyldiguanide (I; R = Me, R’ = R” = Et). ared from -tolylguanidine 
and diethylcyanamide (reaction time 3-5 hours), the base crystallised from light petroleum (b. p. 80—100°) 
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as long thin colourless prisms (yield, 16%), m. p. 98—9$° (Found: C, 63-0; H, 8-5; N, 28-2. C,;H,,N; 
requires C, 63-2; H, 8-5; N, 28-3%) (5805). 

N!-p-Chlorophenyl-N®-isopropyldiguanide. Prepared from p-chlorophenylguanidine and isopropyl- 
cyanamide (reaction time 0-75 hour) and isolated as the acetate (yield, 37-56%), m. p. and mixed m. p. 
189—190°. 

N1-p-Chlorophenyl-N®-cyclohexyldiguanide (I; R=Cl, R’ =H, R’’ =(C,H,,). Prepared from 
p-chlorophenylguanidine and cyclohexylcyanamide (reaction time 0-75 hour); colourless prisms from 
alcohol (yield, 29%), m. p. 172—173° undepressed in admixture with authentic material (see Part X). 

An Se ae Allg og Fs (I; R = OMe, R’ = H, R’”’ = C,H,,). Prepared from 
p-methoxyphenylguanidine and cyclohexylcyanamide (reaction time 0-75 hour), and isolated as the 
hydrochloride, colourless plates from alcohol, m. p. 245° (Found: C, 54-0; H, 7-6; N, 20-6; Cl’, 10-8. 
C,;H.,0ON,,HC1,0-5H,O requires C, 53-8; H, 7-5; N, 20-9; Cl’, 10-6%) (5803). 

N?}-p-Tolyl-N5-cyclohexyldiguanide (I; R=Me, R’=H, R’”’ =(C,H,,). Prepared from 
p-tolylguanidine and the same cyanamide (reaction time 0-75 hour), and first isolated as the hydrochloride 
(5806) which crystallised from alcohol (yield, 30%),-m. p. 252—253° (Found: Cl, 11-3. C,,;H,,;N,,HCl 
requires Cl, 11:5%). The base —— from alcohol, as colourless plates, m. p. 176—177° (Found: 
C, 66-0; H, 8-3; N, 25-9. C,,H,,N, requires C, 65-9; H, 8-4; N, — 

N! : N1-Diphenyl-N®-isopropyldiguanide (VII; R=Ph, R’=H, R” = Pri). Prepared from 
isopropylcyanamide and NN-diphenylguanidine (reaction time 0-75 hour), the base crystallised from 
light petroleum (b. p. 100—120°) as long thin colourless p isms (yield, 48%), m. p. 143° (Found : C, 68-6; 
H, 6-9; N, 24-2. C,,H,,N, requires C, 69-15; H, 7-1; N, 23-7%) (5812). The hydrochloride crystallised 
from water as colourless prisms, m. p. 234—235° (Found: Cl’, 10-1. C,,H,,;N;,HCI,H,O requires 
Cl’, 10-4%). 

N! : N}-Diphenyl-N® : N5-cyclopentamethylenediguanide (VII; R= Ph, R’R” = [(CH,],). Pre- 
pared from cyclopentamethylenecyanamide and NN-diphenylguanidine (reaction time 1 hour), the 
base (yield, 17%) formed colourless _ ms from butanol, m. p. 127° (Found: C, 71-0; H, 7:2; N, 22-3. 
C,9H.,N, requires C, 71:0; H, 7:2; N, 21-8%) (5813). 

N}- henyl-N®-p-chlorophenyl-N1-methyldiguanide (I; R = Cl, R’ = Me, R’” = Ph). Prepared from 
p-chlorophenylguanidine and N-phenyl-N-methylcyanamide (reaction time 2 hours), the base (yield, 39%) 
crystallised from toluene as colourless plates, m. p. 179—180° (Found: C, 59-6; H, 5-2; N, 23-8; Cl, 
11-5. C sH,,N,Cl requires C, 59-6; H, 5-3; N, 23-2; Cl, 11-8%) (5801). 

N1-Phenyl-N -p-chlorophenyldiguanide. Prepared from #-chlorophenylcyanamide and phenyl- 


guanidine carbonate (Smith, ]. Amer. Chem. Soc., 1929, 51, 476) (reaction time 3 hours), the base (mentioned 
in Part X) crystallised from methanol as colourless plates, m. p. 148—149° (Found: C, 58-4; H, 4-9. 
C,4H,,N,Cl requires C, 58-3; H, 49%). 
N}-p-Chlorophenyl-N’-p-tolyldiguanide (I; R=Cl, R’=H, R” = p-C,H,Me). Prepared from 
p-chlorophenylcyanamide and | tye og (reaction time 2-5 hours), the base (yield, 18%) formed 
Tr 


colourless rectangular plates from alcohol, m. p. 175—176° (Found: C, 60-0; H, 5-6; N, 23-0. 
C,,;H,4,N,Cl requires C, 59-6; H, 5-3; N, 23-2%) (5802). 

As an alternative to the process used above for the preparation of the preceding 11 diguanides it was 
sometimes found to be more convenient, particularly when using alkyl- or NN-dialkyl-guanidines, to 
employ a salt of the guanidine and to generate the base in situ by treatment of the guanidine salt with 
an equimolecular proportion of sodium butoxide. The inorganic salt was often removed by filtration 
before adding the cyanamide. ; 

Condensation of Phenylmethylcyanamide with Methylguanidine.—Sodium (1-15 g.) was dissolved in 
butanol (20 c.c.), methylguanidine sulphate (6-1 g.) added, and the mixture refluxed for $ hour and then 
filtered from sodium sulphate. This was washed with butanol (10 c.c.), the butanol filtrate and washings 
combined, and phenylmethylcyanamide (6-6 g.) added. The mixture was then boiled for 0-75 hour, 
cooled, and diluted with benzene. The diguanide was extracted by shaking the solution several times 
with 2n-hydrochloric acid, and the acid extracts were combined and poured into sodium hydroxide 
solution. The oil thereby precipitated was extracted with benzene, and the extract dried and evaporated 
to leave an oil which partly solidified. The oil was removed by stirring with ether, and the undissolved 
solid crystallised from benzene to give N1-phenyl-N! : N5-dimethyldiguanide (VII; R’ = H,R = R” = Me) 
as colourless, long thin prisms (yield, 34%), m. p. 110—111° (Found: C, 56-4; H, 7:2; N, 33-0. 
C,)9H,,N;,0-5H,O requires C, 56-1; H, 7-5; N, 32-7%) (5810). 

The following diguanides were prepared by the same type of process. 

N}-Phenyl-N*-methyl-N®-isopropyldiguanide (VII; R= Me, R’=H, R” = Pri). Prepared from 
phenylmethylcyanamide and isopropylguanidine (reaction time 0-5 hour), the base crystallised from 
light petroleum (b. &: 100—120°) as colourless prisms (yield, 39%), m. p. 70—71° (Found: C, 60-0; 
H, 8-7; N, 28-9. C,,H,.N,,0°5H,O requires C, 59-5; H, 8:3; N, 28-9%) (5809). The hydrochloride 
(not analysed) had m. p. 209—210°. 

N1-Phenyl-N! : N5 : N5-tvimethyldiguanide (VII; R= R’ = R’’= Me). Prepared from phenyl- 
methylcyanamide and dimethylguanidine (reaction time 0-5 hour), the base separated from light petroleum 
(b. p. 60—80°) as colourless prisms (yield, 59%), m. p. 103—104° (Found in material dried in a vacuum 
at 80°: C, 60-3; H, 7-6; N, 32-2. C,,H,,N, requires C, 60:3; H, 7-8; N, 32-0%) (5808). 

N! : N5-Diphenyl-N! : N5-dimethyldiguanide (VII; R= R’=Me, R’’ = Ph). Prepared from 
kamen ean. per me and N-phenyl-N-methylguanidine (reaction time 1 hour), the base crystallised 

rom butanol as colourless plates, m. p. 103° (Found: C, 68-5; H, 6-4; N, 24-7. C,H, .N, requires 
C, 68:3; H, 6-8; N, 24-9%) (5807). 

N! : N1-Diphenyl-N5 : N5-dimethyldiguanide (VII; R=Ph, R’ = R’=Me). Prepared from 
diphenylcyanamide and dimethylguanidine (reaction time 1-5 hours), the base (yield, 29%) formed 
colourless prisms from alcohol, m. p. 139—140° (Found: C, 68-4; H, 6-5; N, 25-3. C,,H,N, requires 
C, 68-3; H, 6-8; N, 24-9%). The hydrochloride formed colourless prisms from water, m. p. 215—216° 
(Found: Cl’, 10-8. C,H, )N,Cl,HCl requires Cl’, 11-2%) (5811). 

N! : N!-Diphenyl-N®*-isopropyldiguanide. Prepared from NN-diphenylcyanamide and isopropyl- 
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guanidine (reaction time 1-25 hours), the base (yield, 7%) crystallised from light petroleum (b. p. 
100—120°), m. p. 143° either alone or in admixture with (VII; R = Ph, R’ = H, R” = Pr‘) prepared 
from i ae veer and NN-diphenylguanidine (see above). 

N1!-p-Chlorophenyl-N*-methyldiguanide. Prepared from p-chlorophenylcyanamide and methyl- 
guanidine (reaction time 0-75 hour), and isolated as its hydrochloride. It was identified with authentic 
hydrochloride (Part X), m. p. and mixed m. p. 227—228°. 

N!-p-Chlorophenyl-N*-cyclohexyldiguanide. Sodium (3-45 g.) was dissolved in methanol (35 c.c.), 
and a solution of p-chlorophenylcyanamide (15-25 g.) in ether (50.c.c.) added. Addition of ether (500 c.c.) 
precipitated sodium p-chlorophenylcyanamide (8-3 g.) which was collected and added to cyclohexyl- 
guanidine hydrochloride (8-5 g.) and butanol (20 c.c.), and the mixture refluxed for 2 hours. The mixture 
was worked up by dilution with benzene, extraction with 2N-hydrochloric acid, and isolation of the 
monohydrochloride which was subsequently converted into the base. This crystallised from alcohol, 
and had m. p. 173—174° undepressed in admixture with the material made from p-chlorophenylguanidine 
and cyclohexylcyanamide (see above) (Found : C, 57-2; H,6-7. Calc. forC,,HygN,Cl: C,57-2; H, 6-8%). 

Condensation of isoPropylcyanamide with N -p-Chlorophenyl-N’-methylguanidine.—A solution of 
N-p-chlorophenyl-N’-methylguanidine (9-2 g.) (forthcoming publication) in butanol (20.c.c.) was heated 
to boiling, and an ethereal solution of isopropylcyanamide (from isopropylamine, 11-8 g.) gradually 
added. The ether was boiled off, and the mixture then refluxed for 0-75 hour. It was then cooled and 
worked up via the benzene-soluble copper complex as described above, to give N1-p-chlorophenyl-N?- 
methyl-N*-isopropyldiguanide as an oil which afforded a picrate, m. p. 163—164°, identical 
with the picrate described in Part XXIX (loc. cit.) (Found: C, 43-8; H, 4:3; N, 23-1. Calc. 
for CyHiy sCl,C,H,O,N, P4 Cc, 43-5; H, 4-2; H, 22-6%). 

Condensation of p-Chlorophenylcyanamide with N-Methyl-N’-isopropylguanidine.—Sodium (1-15 g.) 
was dissolved in butanol (20 c.c.), and a solution of N-methyl-N’-isopropylguanidine hydrobromide 
(10 g.) (forthcoming communication) in butanol (10 c.c.) added. The mixture was refluxed for 15 
minutes and filtered, and the residue washed with butanol (5 c.c.). ioe nents peg je (7-6 g.) 
was added to the combined butanol filtrate and washings, and the whole refluxed for 3 hours. The cooled 
mixture was diluted with benzene (100 c.c.) and thoroughly extracted with 2n-hydrochloric acid (80 c.c. 
in portions). The acid extract was made faintly alkaline with ammonia, and the resulting precipitate 
collected and purified by crystallisation from water to give N‘-p-chlorophenyl-N‘-methyl-N°-iso- 
propyldiguanide hydrochloride, m. p. 205—206° undepressed in admixture with material made as 
described in Part XXX (loc. cit.) (Found: C, 46-9; H, 5-8. Calc. for C,,H,,N,Cl,HCl: C, 47-4; H, 
6-25%). ; 

N!-p-Bromophenyl-N®-substituted Diguanides. 

N!-p-Bromophenyl-N*-methyldiguanide (I; R= Br, R’ = H, R” = Me).—Sodium (1-15 g.) was 
dissolved in butanol (20 c.c.), methylguanidine sulphate (6-1 g.) added, and the mixture refluxed for } hour, 
cooled, and filtered. The residue was washed with butanol (10 c.c.), and the butanol filtrate and washings 
were combined and refluxed for 3 hours with p-bromophenylcyanamide. The mixture was then cooled, 
diluted with benzene (50 c.c.), and extracted several times with 2N-hydrochloric acid. The combined 
acid extracts were neutralised with ammonia, and the precipitated product collected and crystallised 
from water to give the hydrochloride (yield, 33%) as clusters of colourless needles, m. p. 241—242° 
(Found: C, 35-2; H, 4-4; N, 22-7. C,H,,N,Br,HCl requires C, 35-2; H, 4:2; N, 22-80/) (5884). 

N!-p-Bromophenyl-N°-ethyldiguanide.—(a) p-Bromophenylguanidine (9-4 g.) was dissolved in butanol 
(10 c.c.), and an ethereal solution of ethylcyanamide (from ethylamine, 13 g.) added. After the ether. 
had been boiled off, the mixture was refluxed for } hour, cooled, and diluted with benzene. It was then 
extracted with 2n-hydrochloric acid, and the acid extract neutralised with ammonia to precipitate the 
hydrochloride which separated from water as colourless, long thin prisms, m. p. 233—234° (Found : 
C, 35:8; H, 4:7. C,gH,,N,Br,HCl,H,O requires C, 35-6; H, 4-7%) (5883). 

(b) Ethyldicyandiamide (4-1 g.), p-bromoaniline hydrochloride (8-0 g.), and 2-ethoxyethanol (20 c.c.) 
were boiled under reflux for 1-75 hours. On cooling, the solution deposited a mass of crystals. The 
whole was dissolved in 2N-hydrochloric acid, the solution filtered and neutralised with ammonia, and the 
product salted out. Crystallised from water it had m. p. 233—234° undepressed in admixture with 
material made by method (a). 

N!-p-Bromophenyl-N‘-isopropyldiguanide.—(a) Prepared from -bromophenylguanidine and 
isopropylcyanamide as described above for the corresponding N%-ethyl compound (reaction time 0-5 hour), 
the base (yield, 28%) crystallised from light petroleum (b. p. 100—120°) in colourless plates, m. p. 137° 
(Found: C, 44-3; H, 5-4; Br, 27-5. C,,H,,.N,Br requires C, 44-3; H, 5-4; Br, 26-9%). 

(b) p-Bromophenyldicyandiamide (6-0 g.), ssopropylamine hydrochloride (4-8 g.), and nitrobenzene 
(20 c.c.) were heated at 130—135° by means of an oil-bath for 16 hours. After cooling, the mixture was 
extracted with 2n-hydrochloric acid (5 x 25 c.c.), and the acid extracts were combined and neutralised 
with ammonia to give N1-p-bromophenyl-N°-isopropyldiguanide hydrochloride (5382), m. p. 246—247°, 
identical with the substance described in Part XXVIII (loc. cit.). A portion of the hydrochloride, 
dissolved in 2N-hydrochloric acid and added to sodium hydroxide, gave the base which was crystallised 
from light petroleum (b. p. 100—120°) and shown to be identical wich that made by method (a), m. p. 
and mixed m. p. 137°. 

N}-p-Bromophenyl-N®-n-propyldiguanide.—(a) Prepared as in the preceding experiment from p-bromo- 
phenyldicyandiamide and m-propylamine hydrochloride, the hydrochloride crystallised from water as 
small colourless plates, m. p. 221—222° (Found: C, 39-2; H, 5-0; N, 21-2. C,,H,,N,Br,HCl requires 
C, 39-5; H, 5-1; N, 26-99%} (5990). 


(b) By reaction of p-bromophenylguanidine and ~-propyicyanamide (reaction time 0-5 hour), the 


same hydrochloride was obtained in very small yield (2%), m. p. and mixed m. p. 221—222°. 
N}-p-Bromophenyl-N®-n-butyldiguanide.—Prepared from p-bromophenylguanidine and n-butyl- 

cyanamide in boiling pentanol (reaction time 0-5 hour), and worked “P via the benzene-soluble copper 

complex as described above for the condensation of diethylcyanamide with p-chlorophenylguanidine 
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and its hydrochloride, the hydrochloride crystallised from water as colourless needles, m. p. 210° (Found : 
C, 41-4; H, 5-4; N, 19-9. C,,H,,N,Br,HCl requires C, 41-3; H, 5-5; N, 20-1%) (5945). The substance 
was found to be identical with that described in Part XXX (loc. cit.) which was made later. 

N}-p-Bromophenyl-N5-isobutyldiguanide.—(a) Prepared as described above for the corresponding 
N®-ethyl compound, from -bromophenylguanidine and isobutylcyanamide, the hydrochloride (yield, 
25%) crystallised from water as colourless plates, m. p. 243° (Found: C, 41-4; H, 5-4; Cl’, 
9-7. C,,H,,N;Br,HCl requires C, 41-3; H, 5-5; N, 20-1; Cl’, 10-2%) (5867). 

(b) p-Bromophenyldicyandiamide and isobutylamine hydrochloride were brought into reaction in 
nitrobenzene, and the mixture worked up as described for (I; R = Br, R’ = H, R” = Pr') to give the 
same hydrochloride as in (a), m. p. and mixed m. p. 242—-243° (Found: C, 41-6; H, 5-6; N, 20-1; 
Cl’, 10-7%). 

N1-p-Bromophenyl-N°-sec.-butyldiguanide.—p-Bromophenyldicyandiamide and __ sec.-butylamine 
hydrochloride were condensed together to give the hydrochloride which separated from 50% aqueous 
alcohol as colourless long thin rectangular plates, m. p. 255—256° (Found: C, 41-6; H, 5-6; N, 20-5. 
C,.H,,N,Br,HCl requires C, 41-3; H, 5-5; N, 20-1%) (6009). 

N}-p-Bromophenyl-N°-tert.-butyldiguanide.——Prepared from #-bromophenyldicyandiamide and 
tert.-butylamine hydrochloride in nitrobenzene, the hydrochloride formed colourless plates from aqueous 
alcohol, m. p. 260—261° (Found: C, 41-9; H, 5-6; N, 19-6; Cl’, 10-6. C,,H,,N,Br,HCl requires 
C, 41-3; H, 5-5; N, 20-1; Cl’, 10-2%) (5991). 

N}-p-Bromophenyl-N®-cyclohexyldiguanide.—Prepared from p-bromophenylcyanamide and 
cyclohexylguanidine (hydrochloride) (reaction time 2-5 hours) by method (a) described above for the 
corresponding N*-methyl derivative, the base (yield, 28%) crystallised from benzene as coleurless 
plates, m. p. 181—182° (Found: C, 49-8; H, 5-7; N, 20-7. C,,Hs)N;Br requires C, 49-7; H, 5-9; 
N, 20-7%) (5938). The hydrochloride crystallised from water as aggregates of colourless needles, 
m. p. 252—253°. 

Ki1-p-Bromophenyl-N® : N5-dimethyldiguanide (I; R= Br, R’ = R’” = Me).—Prepared from 
dimethylcyanamide and p-bromophenylguanidine in boiling butanol solution (reaction time 1-25 hours), 
the base (yield, 25%) crystallised from alcohol as long thin colourless needles, m. p. 175—176° (Found : 
C, 41-1; H, 4-9; N, 23-8. C,9H,,N;Br,0-5H,O requires C, 41-0; H, 5-1; N, 23-9%) (5834). 

N}-p-Bromophenyl-N5 : N5-diethyldiguanide.—Prepared as described above for (I; R = OMe, 
R’ = R” = Me) from p-bromophenylguanidine and diethylcyanamide in boiling pentanol solution, the 
hydrochloride crystallised from water in long thin colourless needles, m. p. 224° (Found: Cl’, 10-4. 
C,.H,,N,Br,HCl requires Cl’, 10-2%). The base separated from light petroleum (b. p. 100—120°) as 
colourless plates, m. p. 140—141° (Found: C, 46-5; H, 5-9; N, 22-0. C,,H,,N;Br requires C, 46-2; 
H, 5-8; N, 22-4%) (5851). 

N}-p-Bromophenyl-N®-methyl-N5-isopropyldiguanide.—(a) Similarly prepared from -bromophenyl- 
guanidine and methylisopropylcyanamide in boiling butanol solution (reaction time 3 hours), the 
hydrochloride (yield, 9%) was obtained as colourless needles from water, m. p. 251° (Found: C, 40-7; 
H, 5-6; N, 19-8. C,,.H,,N,Br,HCl requires C, 41-3; H, 5-5; N, 20-1%) (5879). 

(b) p-Bromophenyldicyandiamide and methyl isopropylamine hydrochloride reacted together in 
nitrobenzene to give the same hydrochloride as in (a), m. p. and mixed m. p. 250—251°. 

ee ee en ee eee (3-5 g.) (forth- 
coming communication), p-bromoaniline hydrochloride (5-2 g.), and 2-ethoxyethanol (15 c.c.) were 
boiled under reflux for 1-5 hours. The cooled mixture was stirred with warm 2Nn-hydrochloric acid and 
filtered, and the filtrate made faintly alkaline with ammonia. The precipitated product was collected, 
washed with water and, after drying, washed well with ether to remove unchanged #-bromoaniline. 
Crystallisation from water then gave the hydrochloride (yield, 2-4 g.) as long thin glistening prisms, m. p. 
237° (Found: C, 41-7; H, 5-6. C,,H,,N,Br,HCl requires C, 41-3; H, 5-2%) (6676). The base 
crystallised from light petroleum (b. p. 100—120°) as colourless 7. m. p. 124-5—125-5° (Found : 
C, 46-5; H, 5-8; N, 22-8. C,,H,,N,Br requires C, 46-2; H, 5-8; N, 22-4%). 

N1-p-Bromophenyl-N®-methyl-N5-n-butyldiguanide.—Prepared from #-bromophenylguanidine and 
methyl-n-butylcyanamide in boiling butanol (reaction time 2-5 hours), the base crystallised from light 
petroleum (b. p. 100—120°) as long colourless plates (yield, 17%), m. p. 123—124° (Found: C, 48-0; 
H, 6-2; N, 20-9. C,,;HagN,Br requires C, 47-8; H, 6-1; N, 21-4%) (5933). 

N!-p-Bromophenyl-N® : N5-cyclopentamethylenediguanide (I; R=Br, R’R’” = [CH,],).—Pre- 
pared from ~-bromophenylguanidine and cyclopentamethylenecyanamide in boiling butanol (reaction 
time 1 hour), the base crystallised from butanol as long colourless plates (yield, 27%), m. p. 205—206° 
(Found: C, 48-2; H, 5-4; N, 21-0. C,,;H,,N,Br requires C, 48-2; H, 5-6; N, 21-6%) 5871). The 
pant rary “yaaa from water as colourless needles, m. p. 257° (Found: Cl’, 10-2. C,;H,,N,Br,HCl 
required Cl’, 9-8%). 

Sip» divecnatianst-IP-pleegt-0-mnelightianentte (I; R=Br, R’=Ph, R” = Me).—Prepared 
from phenylmethylcyanamide and p-bromophenylguanidine in boiling butanol (reaction time 0-75 hour), 
the base, isolated direct from the reaction mixture by filtration, crystallised from alcohol as long thin 
colourless prisms (yield, 27%), m. p. 179—-180° (Found : C, 51-9; H, 4-6; N, 20-5; Br, 23-7. C,,;H,,N,;Br 
requires C, 52-0; H, 4-6; N, 20-2; Br, 23-1%) (5835). 


IMPERIAL CHEMICAL INDUSTRIES LIMITED, 
RESEARCH LABORATORIES, BLACKLEY, MANCHESTER, 9. [Received, March 10th, 1948.] 
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23. The Interaction of N-Chloroacetanilide with Phenols. The Rate of 


Formation of Hypochlorous Acid from WN-Chloroacetanilide by 
Hydrolysis. 


By (Miss) Frances B. Hurst and F. G. Soper. 


Kinetic studies of mixtures of N-chloroacetanilide and phenols in aqueous solution indicate 
that N-chloroacetanilide chlorinates partly by preliminary hydrolysis to hypochlorous acid and 
partly by direct interaction with the phenoxide ion. No direct reaction with the un-ionised 
phenol was appreciable in a range of phenols. The rate of hydrolysis of N-chloroacetanilide 
is proportional to the hydroxyl ion concentration, the time of half-hydrolysis in neutral solution 
at 25°, deduced from measurements in alkaline solution, being 256 hours. Combination of the 
value for the hydrolysis rate with that of the formation of N-chloroacetanilide from acetanilide 
and hypochlorite ion (Mauger and Soper, /J., 1946, 71) yields an equilibrium hydrolysis constant 
for N-chloroacetanilide, [NHPhAc][HOCI]/[NPhAcCl], of 3-3 x 107; cf. 7 x 1077 (Soper, /., 
1925, 98) obtained by distillation and solubility measurements. 


HALOGENATION by means of a halogenoamine is formulated in a variety of ways. Likhosherstov 
and Arkhangel’skaya (J. Gen. Chem. Russia, 1937, 7, 1914) regard the interaction of NN’-di- 
chlorourea and phenol as involving first the hydrolysis of the chloroamine to hypocblorous acid 
followed by the conversion of the latter into chlorine by means of hydrochloric acid which then 
attacks the phenol. Waters (Nature, 1944, 154, 722) suggests that bromination by 
N-bromosuccinimide (Ziegler e¢ al., Annalen, 1942, 551, 80) involves the preliminary formation 
of a free halogen radical and that such formation may be a common method of halogenoamine 
reaction. The mechanism may vary with conditions. Orton and King’s chlorinations 
(J., 1911, 1185) involved free chlorine, controlled by the amount of hydrochloric acid present 
and the equilibrium -NCl + HCl 7 ‘NH + Cl,, whilst in halogenations by a chloroamine and 
hydrobromic or hydriodic acid (Bradfield, Orton, and Roberts, J., 1928, 782) a mixed halogen is 
an intermediary. In the interaction of N : 2: 4: 6-tetrabromoacetanilide and anisole (Israel, 
Tuck, and Soper, J., 1945, 547), which is dependent on the presence of an acid such as acetic 
acid, an acyl hypobromite appears to be the brominating agent, the rate of bromination being 
independent of the concentration of the anisole but dependent on the concentrations of acid and 
bromoamine. Dewar (J., 1946, 407) suggests that the agent in this case could be a x-complex, 
NHPhAcBr’, acting as a cationoid reagent and substituting other molecules. This is preferred 
by Dewar to a mechanism “‘ based on the occurrence of free cations in solution as suggested, for 
example, by Israel, Tuck, and Soper.”” Free bromine cations were not suggested, however, by 
these authors, and substances similar to the halogen acetate (or acyl hypohalogenite) actually 
suggested as the intermediate in the acid catalysed bromination of anisole by N : 2 : 4 : 6-tetra- 
bromoacetanilide appear to operate also in the N-chlorination of N-methylacetamide (Mauger 
and Soper, Joc. cit.) and in the iodination of phenol (Painter and Soper, J., 1947, 342). 

In contrast to the many mechanisms involving intermediates which have been formulated in 
halogenoamine reactions, direct interaction as a mechanism appears to have been avoided. The 
elucidation of such reactions of chloroamines, particularly in aqueous solution, would be assisted 
by a knowledge of the rate of hydrolysis of the chloroamine to hypochlorous acid. An estimate 
of this hydrolysis rate for N-chloroacetanilide can be calculated from the equilibrium hydrolysis 
constant and the specific rate of the reverse reaction, the formation of N-chloroacetanilide from 
acetanilide and hypochlorous acid. The latter rate, determined over a 1000-fold change in the 
hydrogen-ion concentration, was given by v = ko [-NH][OCI’], where at 25° Rogy = 336 mins.- 
(Mauger and Soper, Joc. cit.). The hydrolysis constant K, of N-chloroacetanilide, 
(NHPhAc][HOC]] /[NPhAcCl], was evaluated (Soper, J., 1925, 98) as 7 x 10-7. Combining this 
with the hydrolysis constant of sodium hypochlorite, the equilibrium constant of the reaction 


‘NH + ocr 2S NCI + OH g See eS ae 
is given by y- 
[-NCI][OH’] tad [-NCI] [HOCI[OH’) we 1 10 x 10° _ 0°35 
[-NH][OCI’] [.NH)[HOCT] * [OCl’} 70 x 107° 4:1 x 10° 
Hence if the formulation of the formation and hydrolysis of N-chloroacetanilide in equation (1) 


is correct, ky, = Rog, /0°35 = 960 mins.-, corresponding to a time of half hydrolysis of 1-2 hours 
at pH 9. 
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Phenols and N-chloroacetanilide in weakly acid media, such as obtain in aqueous unbuffered 
phenol solutions, show little decomposition, only 0°5% decomposition of the chloroamine 
occurring in the presence of phenol at 25° in 15 hours. The reactivity increases markedly in 
slightly alkaline solutions, and at pH 9, in borate buffer, the reaction rates with various phenols, ° 
which in the presence of excess of phenol are pseudo-unimolecular, may have times of half- 
decomposition of a few minutes. Typical results are given in Table I. 


TABLE I. 
N-Chloroacetanilide = 0-0l1M; pH = 9-0; temp. = 25-0°. : 
Phenolconcn.,M. k, x 10%. = (mins.). ky x 10%. t4 (mins.). ky X 10%. ty (mins.). 


Phenol. p-Cresol. o-Chlorophenol. 

30-7 2-25 38-7 1-79 13-6 5-95 
61-8 1-12 58-8 1-18 © 34:5 2-01 
88-9 0-78 101 0-69 48-8 1-42 

o-Nitrophenol m-Nitrophenol p-Nitrophenol 
0-91 76-3 2-91 23-8 0-53 
1-10 63-0 4-13 16-7 a 
1-12 61-9 5-30 13-1 0-96 
1-43 48-4 6-05 11-4 0-98 
—_ — 6-91 10-0 1-06 


For the more reactive phenols, the speed is approximately proportional to the phenol 
concentration, but where the time of half decomposition exceeds 1 hour, this proportionality 
does not hold. Although the phenol in its un-ionised state is stable to the chloroamine, at pH 9 
appreciable ionisation of the phenol occurs, and the reaction may be due to direct interaction of 
chloroamine and phenoxide ions, which are known to be much more highly reactive than the 
un-ionised phenol. Superimposed on this direct reaction there may be production of 
hypochlorous acid by hydrolysis. Such hypochlorous acid at pH 9 would react very rapidly 
with phenoxide ions present (Soper and Smith, J., 1926, 1582) and would be immediately 
removed. If hydrolysis alone were occurring and this were the rate-determining step, increase 
in phenol concentration would not affect the rate. Thus the reaction rate may be tentatively 
formulated as 

= k,[<NCI] = &,[OH’][-NCl] + kg[PhO’][-NCI] 
k, = k,[OH’] + &[PhO’] 


A series of reactions was carried out in order to test the above equation using a constant 
phenoxide-ion and varying the hydroxyl-ion concentration. o- and p-Nitrophenols were utilised 
for this purpose over the pH range 8°7 to 9°3 where since their respective ionisation constants are 
9°6 x 10-8 and 6°0 x 10-8 (Hantzsch, Ber., 1899, 32, 3066, 3071) the ionisation of the phenol 
varies only from 97 to 99°5%, and increasing hydroxyl-ion concentration does not alter 
appreciably the concentration of phenoxide ions. The graphs (see Fig.) obtained on plotting 
k, against hydroxyl-ion concentration are straight lines and the slopes which, on the above 
hypothesis, give k,, are 454, 455, 454, and 452 mols. mins.-! respectively for o-nitrophenol at 
concentrations of 0°03 and 0°05m and for p-nitrophenol at 0°05 and 0°08m. This is of the same 
order as the hydrolysis rate, 960 mols.-! mins.-!, deduced from the hydrolysis equilibrium 
constant and the formation rate constant of N-chloroacetanilide. 

In the series of experiments at pH 9-0 and varying phenol concentration (Table I), if 
k, = k,[OH’] + &,[PhO’], extrapolation of k, to zero phenol concentration should give k,[OH’) 
and provide a further value of 2, which should be independent of the nature of the phenol. At 
pH 9:0, the extrapolated values of k, for o-, m-, and p-nitrophenols are approximately 0°5, 0°5, and 
0°4 X 10 mins.-1, whence k, = 5, 5 and 4 x 10% mols.“ mins.-', which is in harmony with the 
previously obtained value. The extrapolation is not of sufficient accuracy to be of use in the 
case of the more reactive phenols. 

The Direct Interaction of N-Chloroacetanilide and Phenols.—The comparatively low specific 
rate of hydrolysis to hypochlorous acid, of approximately 0°5 x 10% mins. at pH 9, clearly 
indicates that all the phenols examined react to a great extent by some other mechanism than 
that involving the intermediate production of hypochlorous acid. In weakly acidic solution, 
reaction is found to be very slight, which negatives,a direct interaction of chloroamine and 
un-ionised phenol. Such a reaction should be independent of the hydroxyl-ion concentration, 
whilst if phenoxide ions react as given by k, = k,[OH’] + &,[PhO’] then at pH’s at which 
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k,[OH’] is negligible k, = kaK,([PhOH] + [PhO’])/(K, + [H’]). If the ionisation constant of 
the phenol, K,, is small compared with the [H‘] of the solution, k, = k4K,[phenol]/[H*], and 


2:0 





@o0-Nitrophenol 
© p-Nitropheno! 








04 08 2,00 «16020 
[oH] x 105. 





will increase in proportion to the hydroxyl-ion concentration. This is illustrated in Table II | 
for the interaction of o-chlorophenol (K, = 7°7 x 10-1) over the pH range 6°4 to 7:2. For 


TaBLeE II. 
o-Chlorophenol = 0-04m; -NCl = 0-01. 


[OH’] x 10°. ky X 10% Mean k, X 10% —, [OH] x 10°. 
2-51 -80, 0°79 0-795 3:17 
6-31 94, 1-96 1-95 3-09 
10-0 00, 3-03 3-02 3-02 
15-9 95, 5-02 4-99 3-15 
5-01 


m-nitrophenol (K, = 1:0 x 10-*) over the pH range 6°8 to 7°6, k,/[OH’] is not constant, but 
the use of the more exact expression for kg = k,(K, + [H’])/K, [total phenol], gives values which 
show satisfactory consistency, as seen from Table III. 


TABLE III. 
m-Nitrophenol = 0-04m; -NCl = 0-01, 


{H*] x 107. k, (mean) x 10% &,/[OH’] x 10“. 
. _ 0°235 3-72 
0-335 3-35 
0-52 3-31 
0-805 3-21 
0-89 2-83 
1-00 2-51 
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These experiments, carried out at pH’s at which the hydrolysis rate is negligibly small, are in 
harmony with the hypothesis that the direct interaction is one between phenoxide ions and the 
chloroamine. Other formulations of the direct reaction for which there is no evidence in the 
range of solutions so far examined are (a) interaction of NHPhAcCl* and PhOH, and (bd) 
interaction of NHPhAcCl* and PhO’. Reaction (a) would require that kg increase in proportion 
to the hydrogen-ion concentration of the solution, whilst (b) would lead to kg being independent 
of the hydrogen-ion concentration. Over the range of pH examined the rate of the direct 
reaction is proportional to the product of the concentration of N-chloroacetanilide and 
phenoxide ions. Evidently the chlorine in N-chloroacetanilide is sufficiently electrophilic to 
substitute directly in the phenoxide ion. Parallel studies have recently been carried out with 
Mr. L. O. Brown using diethylchloroamine and phenols where the direct interaction apparently 
involves the phenoxide ion and the diethylchloroammonium ion. The chlorine of the more basic 
diethylchloroamine is insufficiently electrophilic in comparison with that in the diethylchloro- 
ammonium ion, NHEt,Cl*, to result in the substitution of the phenoxide ion. This is in sharp 
distinction to the behaviour of N-chloroacetanilide. 

A comparison reveals N-chloroacetanilide as a much weaker chlorinating agent than 
hypochlorous acid. The specific rate of chlorination of m-nitrophenoxide ions by hypochlorous 
acid (Soper and Smith, loc. cit.) is 59 x 10° mins.-1 as compared with 1:0 mins.-! by N-chloro- 
acetanilide. The corresponding specific rates for the chlorination of o-nitrophenoxide and 
p-nitrophenoxide ions are: by hypochlorous acid 1°01 x 108 and 0°68 x 10% and by N-chloro- 
acetanilide 0°20 and 0°11. Hypochlorous acid reacts 5000—6000 times more rapidly than 
N-chloroacetanilide with nitrophenoxide ions. 


EXPERIMENTAL. 


In the preparation of the reaction mixtures, a solution of the phenol and buffer mixture was first 
made up at double the concentration at which it was to be used. In the series of experiments using 
0-08M-p-nitrophenol, the results of which are plotted in the Figure, 200c.c. of stock solution were made up 
containing 4-450 g. of the phenol (0-032 equiv.) dissolved in water containing 80 c.c. of a 0-25m-borate 
buffer of pH 9-3, and 0-0319 equiv. of sodium hydroxide added to maintain the pH at 9-3. This was 
checked using a pH meter. 50 C.c. of this solution were mixed with 50 c.c. of 0-02m-N-chloroacetanilide 
solution to give a reaction mixture at 25-00° + 0-01° and pH 9-3, containing 0-01mM-N-chloroacetanilide, 
0-08M-p-nitrophenol, and 0-05m-borate buffer. 

A typical set of results using 0-08m-p-nitrophenol is given in Table IV. Each hk, recorded is a mean 
value for a particular experiment. 


TABLE IV. 


[OH’] x 105. : Mean k;,. 
1-11 
1-17 
1-29 
1-39 
1-51 
1-59 
1-73 
1-83 


By extrapolation of the graphs in the Figure to zero hydroxyl-ion concentration, values for kq relating 
to the interaction of o- and -nitrophenoxide ions and N-chloroacetanilide are obtainable. These are 
0-20 and 0-11 mols. mins.“ and are more precise than the values obtainable by using results given in 
Table I. 


UNIVERSITY OF OTAaGo, DUNEDIN, NEW ZEALAND. (Received, February 27th, 1948.] 
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24. The Formation, of Kojic Acid from Ethyl Alcohol by Aspergillus 
oryze, and the Action of this Mould on Some Carbohydrate Derivatives. 


By DovuGctas BARNARD and FREDERICK CHALLENGER. 


Formation of kojic acid (II) from pentoses by Aspergillus oryz@ requires preliminary fission. 
There is no evidence for the hypothesis (A) that kojic acid is formed by loss of water from hexose 
(I) accompanied by oxidation of >CH*OH to >CO. More probably (B) hexoses and pentoses 
undergo fission, two trioses then giving kojic acid by oxidation and loss of water. 2-Deoxyglucose 
(V) should yield by mechanism (A) 2-hydroxymethyl-y-pyrone (VII), but kojic acid is formed (B). 
Glucal (ITI) should also give (VII) according to (A), but A. oryz@ does not grow on this compound 
or on 6-methyl glucose (VI) which by (A) should give 5-hydroxy-2-methoxymethyl-y-pyrone 
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(VIII), whereas by (B) kojic acid, 3-hydroxy-5-methoxymethyl-y-pyrone (IX), and (VIII) might 
result. A medium containing 1 ‘3—2-1 % of ethyl alcohol as sole source of carbon, with spores or 
washed i of A. oryz@, gives kojic acid and acetaldehyde. 


CHALLENGER, KLEIN, and WALKER, (J., 1929, 1498; 1931, 16) showed that Aspergillus oryze 
forms kojic acid (II) not only from glucose but also from arabinose and xylose. Birkinshaw, 
Charles, Lilly, and Raistrick (Phil. Trans., 1931, B, 220, 134) observed the formation from 
pentoses several years earlier, but publication was delayed. See also Yabuta (J., 1924, 125, 575) 
and footnote by Barger (ibid., p. 587). 

The similarity in structure between glucose (I) and kojic acid (II) suggests that the conversion 
of (I) into (II) involves simple loss of two molecules of water and oxidation of >CH-°OH to 
>CO; this so-called ‘‘ carving-out ” process would be effected without ring fission. On this 
view, however, the pentoses should yield pyromeconic acid (IIa). As kojic acid is actually 
formed, ring-fission must first occur yielding probably a triose and a diose. Glycerol readily 
gives kojic acid in cultures of A. oryz@. Challenger, Klein, and Walker (jJ., 1931, 17) showed 
that dihydroxyacetone gives a 20% yield of kojic acid in cultures of the same strain of A. oryze, 
and pointed out that this may arise directly from two molecules of dihydroxyacetone by oxidation 
and loss of two molecules of water without condensation to a hexose. They then stated : 
‘* It is probable, though definite proof is so far lacking, that the conversion of glucose into kojic 
acid may also be preceded by ring-fission with formation of a triose, and that the hydroxy-~y- 
pyrone nucleus is not directly carved out of the pyranose ring’’. A similar conclusion was 
reached by Corbellini and Gregorini (Gazzetta, 1930, 60, 244) and has found fairly general accept- 
ance, but a final decision has not been possible. It was hoped by a study of the growth of 
A. oryz@ upon suitable derivatives of glucose to decide whether, in certain cases, at any rate, 
the occurrence of a “‘ carving-out ” process could be definitely established. Using Kinoshita’s 
basal salt medium (K) (Acta Phytochim., 1927, 3,31; see p. 114 for compositioh) the following 
substrates were employed as sole source of carbon; penta-acetyl glucose, glucal (III), tetra-acetyl 
hydroxyglucal (IV), 2-deoxyglucose, (V), 6-methyl glucose (VI), and 1-methyl glycerol. 
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The mould did not grow readily upon penta-acetyl glucose, but was trained to do so by 
cultivation for several generations upon a medium containing glucose and the acetate, the 
glucose being gradually reduced to zero concentration. Fission of this completely substituted 
derivative to a triose or triose acetate was not to be expected. It seemed possible that a process 
of type (A), not involving ring fission but rather the elimination of acetic acid from positions 
1:2 and 4: 5 and hydrolysis of the acetyl group on 3, followed by oxidation to >CO, might 
yield 2: 6-diacetyl kojic acid. Other possibilities were (a) hydrolysis of the acetyl groups 
giving glucose and then kojic acid, and (6b) complete metabolism of the penta-acetate. In a 
series of experiments the reaction followed course (b); neither diacetyl kojic acid nor any other 
metabolite could be detected and only traces of the penta-acetate remained. These observations 
are confirmed by those of Walker and Bond (Bond, Thesis, Manchester, 1930). Similar results 
were obtained with tetra-acetyl hydroxyglucal (IV) which is an intermediate stage in the 
unrealised conversion of penta-acetyl glucose into diacetyl kojic acid. Ready-formed mycelia 
were used, but almost complete metabolism occurred and no y-pyrone derivative could be 
isolated. 

Glucal (III) cannot undergo fission to a triose, and by mechanism (A) could yield 2-hydroxy- 
methyl-~y-pyrone (VII). No growth was observed in K-medium either on inoculation or with 
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ready-formed mycelia. It is certainly not in favour of mechanism (A) that three compounds 
which from their structure would not be expected to react by mechanism (B) should be attacked 
with difficulty by A. oryze and when growth is established should give no y-pyrone derivative. 

The case of 2-deoxyglucose (V) is specially interesting; here fission to glyceraldehyde and 
6-hydroxypropaldehyde might be expected, and kojic acid was readily formed. From the 
high yield (20%) it seemed unlikely that any 2-hydroxymethyl-y-pyrone (VII) had been 
produced. Examination of the medium confirmed this view. On the other hand Bergmann 
and Schotte (Ber., 1922, 55, 158) found that 2-deoxyglucose is not attacked by yeast. 6-Methyl 
glucose might be expected to give by process (A) 5-hydroxy-2-methoxymethyl-y-pyrone (VIII), 
whereas, if fission to glyceraldehyde and its 3-methyl ether should occur, kojic acid would arise 
from the first-named compound. The second is isomeric with methyl dihydroxyacetone, two 
molecules of which might react with the loss of one methyl group by oxidation to give 
5-hydroxy-2-methoxymethyl-y-pyrone (VIII) or by a similar process giving 3-hydroxy-5- 
methoxymethyl-y-pyrone (IX), thus : 


CH,"OMe 


CH-OH C-OH 
MeO:CH,C 


H On — ) 


OH CH,-OMe 
MeO: ag ‘i 


\~ (IX.) 


Elimination of both methyl groups would lead to kojic acid or possibly to 3-hydroxy- 
5-hydroxymethyl-y-pyrone. Rather surprisingly 6-methyl glucose would not support the 
growth of A. oryze and was almost completely recovered from the medium. 

In continuation of the earlier work on dihydroxyacetone (jJ., 1931, 16) the behaviour 
of its methyl ether as a substrate for A. oryze was of interest. It was decided to study first 
l-methyl glycerol which yields methyl dihydroxyacetone in cultures of B. xylinum (Neuberg, 
Biochem. Z., 1932, 255, 1) and might undergo a similar reaction with the moyld. No growth 
was obtained, however, from spore inoculations or from washed mycelia on K-medium containing 
this ether. Neither kojic acid nor its 6-methyl ether, nor methyl dihydroxyacetone, could be 
detected after three weeks, and the methyl glycerol was recovered. 

Spore inoculations of K-medium containing 1% of methyl alcohol gave no growth, and no 
kojic acid was produced in presence of ready-formed mycelia. With ethylene glycol growth 
was very poor, and washed mycelia soon deteriorated. No kojic acid was formed. This is 
somewhat surprising, as oxidation to glycollaldehyde and condensation to a tetrose or hexose 
followed by formation of some kojic acid might have been expected. Tamiya (Acta Phytochim. 
Tokyo, 1932, 6, 1) obtained similar negative results. Walker and Kaushal (Nature, 1947, 160, 
572), however, find that a strain of Acetobacter acetigenum readily metabolises ethylene glycol 
giving a cellulose pellicle. Glycollaldehyde was isolated from the medium in the form of its 
2 : 4-dinitrophenylosazone. 

Birkinshaw, Charles, Lilly, and Raistrick (loc. cit.) suggested that A. oryze might break 
down various substrates to acetaldehyde, which by a series of (unspecified) reactions might 
be condensed to kojic acid. They found that all the moulds which produce kojic acid also 
form ethyl alcohol ahd acetaldehyde. 

A study of the behaviour of ethyl alcohol in cultures of A. oryz@ was therefore begun. A 
survey of the literature yielded very little relevant information. Tamiya (loc. cit.) found that 
ethyl alcohol alone among the simpler aliphatic alcohols supported the growth of A. oryze. He 
determined the respiration coefficient for this substrate but did not detect any kojic acid (see 
below). 

Katagiri and Kitahara (Mem. Coll. Agric. Kyoto, 1933, 26, 1; Chem. Abs., 1933, 27, 3236) 
who studied the behaviour of several aliphatic compounds in cultures of A. oryze state that 
ethyl alcohol plays no important réle in the formation of kojic acid. 

Takahashi and Asai (Zentr. Bakt., Par. II, 1933, 88, 286) state that ethyl alcohol yields 
kojic acid with A. oryz@, and cite Sakaguchi (J. Agric. Chem. Soc. Japan, 1932, 8, 268, Showa 7) 
as the authority for this observation but give no further details. Prescott and Dunn (‘‘ Industrial 
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Microbiology ”’, McGraw Hill Book Co., 1940, pp. 408, 409) also attribute to Sakaguchi (loc. cit.) 
the statement that kojic acid formation is stimulated by ethylalcohol. His paper is in Japanese 
and is not contained in the usual libraries. Abstracts (A., 1933, 535, 637; Chem. Abs., 1933, 
27, 1379) make no mention of either of these statements. It was clear that in any case details 
could only have been scanty and it was decided to investigate the matter. 

The action of ready-formed mycelia of A. oryz@ (see p. 114) upon the basal salt medium of 
Kinoshita (Joc. cit.) containing 1‘3% of ethyl alcohol as sole source of carbon was first studied. 
Such mycelia could be entirely freed from kojic acid by careful washing, and the fact that they 
produced no kojic acid when kept on the basal salt medium alone during 6 weeks obviated the 
possibility of kojic acid production from reserve carbohydrate. Gould (Biochem. J., 1938, 82, 
797) found that the washed, dried, and ground mycelium of A. tamarii—an organism which is 
allied to A. oryze and readily forms kojic acid from carbohydrate—when used as a substrate 
for this mould gave no kojic acid, indicating the absence of a suitable reserve carbohydrate. 

The mycelium of A. oryze readily produced kojic acid when placed upon the ethyl alcohol- 
K-medium. Yields were about 12% of the theory assuming that all the carbon in the alcohol 
is available, and diminished after about 10 or 11 days, possibly because of assimilation of 
kojic acid by the mould (Tamiya, /oc. cit.). 

In confirmation of these results it was found that A. oryze grew fairly well at 32° after a 
spore inoculation of the K-salt medium containing 1-3—2-°1% of ethyl alcohol, giving kojic acid 
in yields of 12—17%. Inoculation of a medium containing more than 3% of alcohol produced 
no growth. Using 1°3% of alcohol at 20° or 25° no kojic acid, or only traces, was produced. 

The kojic acid was characterised as the diacetyl or dibenzoyl derivative and determined as 
the copper salt (Yabuta, A., 1922, i, 940) or by the iodometric method of Birkinshaw et ai. 
(loc. cit.). The two methods gave almost identical results. 

All cultures of A. oryz@ on alcohol (l1—4%) yielded on distillation acetaldehyde, which was 
isolated as the 2 : 4-dinitrophenylhydrazone. Blank experiments showed that this was not due 
to atmospheric oxidation. The aldehyde was also “‘ trapped ’”’ in the cultures by addition of 
‘‘ dimedone ” (5 : 5-dimethylcyclohexane-1 : 3-dione), the yield of kojic acid being reduced to 
5% and its formation delayed. Sodium sulphite fixed some acetaldehyde but reduced the yield 
of kojic acid only slightly. Gould (Joc. cit.) found that the presence of ‘‘ dimedone ” in cultures 
of A. tamarii on glucose had no inhibitory effect on kojic acid production, but often acted as a 
stimulus. No fixation of acetaldehyde was observed by Gould or in the similar experiments of 
Katagiri and Kitahara (Bull. Agric. Chem. Soc. Japan, 1929, 5, 46). Acetaldehyde is poisonous to 
A. oryz@, and in concentrations of 2% or more inhibits respiration completely (Tamiya, loc. cit.). 

Attempts were made to find a substrate which, while yielding no kojic acid, would maintain 
the mould in vigorous growth and permit of the addition of possible precursors of kojic acid. 
A review of the literature suggested that mannitol and succinic acid might be of use. Both 
these compounds, however, gave traces of kojic acid and were, therefore, useless for our purpose. 

Apart from kojic acid, only acetaldehyde could be identified in the alcohol medium. The 
‘cultures nevertheless had an evanescent but very definite fruity odour which was not that of 
acetaldehyde. This was observed both before and during kojic acid formation, and also in 
cultures where, owing to a high concentration (4%) of alcohol or a low incubation temperature, 
kojic acid was absent. Its origin is under investigation. 

Tamiya (loc. cit.) grew A. oryz@ upon a large number of substances and determined the 
respiration figures and growth-characteristics of these substrates. The respiration coefficients 
Qo, and Qo, are respectively the volume of oxygen and carbon dioxide in c.c. absorbed and 
evolved by 1 g. of mycelium per hour. If Qo,, Q%, and Q§, are the respiration coefficients 
when the mould was grown upon a carbon substrate, a basal salt medium, and sucrose respectively 
then qo, = (Qo, — 2°o,)/(Q5, — Q2°o,) X 100. The production or non-production of kojic 
acid from the carbon substrate could be forecast. If go, >80 kojic acid was formed but not 
otherwise. Out of 123 substrates examined only 9 failed to conform to this rule. Although 
Tamiya did not detect kojic acid formation from ethyl alcohol, the average value of qo, for 
alcohol was 134, suggesting to us that this substance should yield kojic acid, as we have now 
shown. 

Tamiya also found that for most substrates Qo, and Qgo, were approximately equal, Qco, 
being generally slightly higher. The figures for ethyl alcohol were Qo,, 40°2 and Qoo,, 21°7. It 
therefore seemed that A. oryze might be using some of its own carbon dioxide. For instances 
of such utilisation see Barker, Ruben, and Kamen (Proc. Nat. Acad. Sci., 1940, 26, 418; 27, 
590), Wood and Werkmann (Biochem. J., 1940, 34, 7). Aristovskaja (Microbiol., U.S.S.R., 
1941, 10, 701; Chem. Abs., 1944, 38, 2990, 5875) states that A. oryze as well as several bacteria 
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can utilise carbon dioxide. We made preliminary experiments to determine whether large 
excess or diminution in the amount of carbon dioxide present affected the production of kojic 
acid from alcohol, but no definite effect was detected. 


EXPERIMENTAL. 


Preparation of Washed Mycelia of Aspergillus oryze.—The strain of the mould was that used in earlier 
work (Challenger, Klein, and Walker, J., 1929, 1498; 1931, 16, where full morphological details are 
given) and the basal salt medium was that of Kinoshita (Joc. cit.) containing —, dihydrogen 
phosphate (1 g.), magnesium sulphate (0-5 g.), ammonium nitrate (0-4 g.), and water (1000 c.c.) to 
which was added glucose (30 g.). A spore culture of the mould was grown until, after 10—14 days, a 
thick mycelium completely covered the surface. With the usual precautions the medium was removed 
from under the mycelium by means of a sterile pipette and replaced by sterile water (100 c.c.) from a 
second sterile pipette. This was repeated every 2 hours until the replaced water was free from traces 
of kojic acid. Six washings always proved sufficient. The mycelium was then left upon sterile water 
for a further 12 hours to free the cells from traces of carbohydrate and kojic acid. Any desired substrate 
could then be added under the mycelium by means of sterile pipettes. No contamination was observed 
when using this method, and with care the mycelium remained whole and undamaged. 

Two other strains of A. oryze (Nos. 589 and 3876 from the National Collection of Type Cultures, 
Lister Institute) were also tested on Kinoshita’s glucose medium but did not produce kojic acid at 32°. 

Production of Kojic Acid from Ethyl Alcohol as Sole Carbon Source, using Washed Ready-formed 
Mycelia.—In 3 control experiments fully-grown washed mycelia of A. oryze were placed upon 300 c.c. 
of K-medium at 32°; no kojic acid was detected during 6 weeks by regular gener oe of the ferric 
chloride test. Three experiments using similar washed mycelia and 300 c.c. of K-medium containing 
ethyl alcohol (1-3—2-1%) as sole carbon source readily gave kojic acid, which was detected by ferric 
chloride and later separated and characterised. Details are given in the table. The alcohol used was 
“* absolute ’’ and was redistilled through an apparatus which was previously sterilised at 140° and then 
well washed out by the hot vapour. No contamination was observed. Two control experiments were 
arranged in which ethyl alcohol (5 c.c.; 1-3% by weight) was added to sterile K-medium (300 c.c.) 
and incubated at 32° for 6 weeks. No trace of bacterial or mould growth was observed. 


Production of kojic acid by A. oryze, with ethyl alcohol as sole carbon source. 


Concn. of Time Time Wt. Yield, M. p. Diacetyl comp., Dibenzoyl comp., 
alcohol, %. (days).2 (days).? (g.).2 %4 Alone. Mixed. mixed m. p. mixed m. p. 


A. Experiments using grown mycelia. 
1:3 ll 40 049 12 151-5— 151-5— 


1-3 added at 7 28 40 2-4 14-5 
day intervals ; 153 
total, 5-2. 


B. Experiments using spore cultures. 


13 18 90 0-51 12-4 , 153 101l—  101— 132— # 132— 
102° 102° 133° 133° 
1-3 18 9-0 0-49 12 152-5— 152-5— -- — — —_ 
153 153 
2-1 21 13:0 1-1 16-7 152— 152— 101— 101— 
153 153 102 102 


The authentic specimen of kojic acid had m. p. 152-5—153°. 


1 Duration of experiment. 2 For first detection of kojic acid. 
3 Of kojic acid obtained through copper salt. * On C/C basis. 


The kojic acid was isolated from the filtered cultures by evaporation under reduced pressure to »j,th 
of the original volume, acidification with glacial acetic acid to a concentration of 0-5Nn to prevent precipit- 
ation of copper phosphate, and addition of excess of saturated aqueous copper acetate. The mixture 
was then kept at 0° for 12 hours to complete the precipitation of the copper kojate. This was separated 
and decomposed with hydrogen sulphide, the filtered solution evaporated under dinished pressure, and 
the crude kojic acid recrystallised once or twice from methyl alcohol-ethyl acetate. It then had the 
correct m. p. but was sometimes sublimed at 150°/9 mm. to obtain a colourless specimen, m. p. 152—153°. 

Production of Kojic Acid from Ethyl Alcohol as Sole Carbon Source, using Spore Cultures of A. oryze.— 
Inoculation of a glucose-free K-medium containing 1-3 or 2% of ethyl alcohol yielded a reasonably good 
growth of the mould. This began in 2—3 days and covered the surface in 8 days. Sporing began about 
the twelfth day but was much less than when glucose was used. Kojic acid, readily produced in yields 
varying from 12 to 16-7%, was identified by m. p. and mixed m. p. and by similar determinations carried 
out with the diacetyl and dibenzoyl derivatives. A specimen sublimed at 150°/9 mm. melted at 152— 
153° after recrystallisation from ether (Found: C, 50-5; H, 4-4.. Calc. for C,H,O,: C, 50-7; H, 4-3%). 
An authentic specimen melted at 152-5—153°. 

Behaviour of A. oryzz with Higher Concentrations of Ethyl Alcohol.—Concentrations of ethyl alcohol 
above 2-1% had a decided inhibitory effect on the growth of the mould. No growth occurred with 
spore inoculations of a medium containing 4% of alcohol. Washed mycelia were therefore used. 
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Duplicate experiments were made by placing glucose-free K-medium (300 c.c.) containing 4% of ethyl 
alcohol under well-washed mycelia, and incubating for 14 days during which time no kojic acid was 
formed and the mycelia began to lose their healthy appearance. The media were filtered and distilled. 
An odour of acetaldehyde was noticed in each case, and the first 10—15 c.c. of distillate gave a yellow 
precipitate, m. p. 152—153°, with 2: 4-dinitrophenylhydrazine. After 2 crystallisations from alcohol 
the m. p.s were 158° and 165-5° respectively. The mixed m. p. with authentic acetaldehyde 2 : 4-dinitro- 
phenylhydrazone, m. p. 165—166°, was 165—166°. 

Control experiment. When 300 c.c. of sterile K-medium (glucose-free) containing ethyl alcohol (4%) 
were kept at 32° for 16 days no acetaldehyde was detected. It was then shown that acetaldehyde is 
produced in all cultures of A. oryze on ethyl alcohol (1-5—4%) whether using spores or washed mycelia. 

Effect of (a) Sodium Sulphite and (b) 5 : 5-Dimethylcyclohexane-1 : 3-dione (Dimedone) upon Kojic 
Acid Formation from Ethyl Alcohol.—(a) Two cultures were made up using washed mycelia of A. oryza@, 
glucose-free K-medium (300 c.c.) and ethyl alcohol (5c.c.). Sterile 7% sodium sulphite solution (26 c.c.) 
was added to each. Growth was good and kojic acid was detected after 5 days. After 17 days each 
culture was filtered and boiled with calcium carbonate (10 g.), and 25 c.c. of each distillate were treated 
with 2: 4-dinitrophenylhydrazine hydrochloride. In one case a precipitate was obtained. Determin- 
ations of m. p. and mixed m. p. showed this to be acetaldehyde 2: 4-dinitrophenylhydrazone. Kojic 
acid undergoes no decomposition on being boiled with water and calcium carbonate, and was isolated from 
the medium through the c r salt in 9% yield. 

(6) Twocultures were e up using a washed mycelium of A. oryz@, glucose-free K-medium (300 c.c.), 
and ethyl alcohol (5 c.c.). Dimedone (1-2 g.) was added before sterilisation. On incubation at 32° 
crystals formed in both cultures after 5 days, increasing in amount up to the eighth day. Kojic acid 
was not detected until the twelfth day. After 16 days the mycelia and crystals were separated and 
washed with 30 c.c. of hot alcohol which gave characteristic flat plates, 0-42 g. and 0-5g. These melted 
at 131—132° and after 3 recrystallisations from alcohol at 139—140° alone and in admixture with 
authentic ‘‘ acetaldehyde-dimedone ”’ of m. p. 140°; the culture media gave kojic acid in 5% yield, a 
fall in production as compared with the figures in the table. When K-medium (300 c.c.), ethyl alcohol 
: oe and dimedone (1-2 g.) were kept at 32° for 30 days, no trace of the acetaldehyde derivative was 

ormed. 

Attempts to use Acetaldehyde and its Derivatives as Sources of Carbon for A. oryze.—The medium 
consisted of glucose-free K-medium (300 c.c.) with the appropriate substrate. Inoculation of the medium 
containing 1% of acetaldehyde sodium bisulphite failed to produce growth and two similar solutions 
were placed under washed mycelia as usual and incubated at 32° for 21 days. No kojic acid was produced, 
and the mycelium appeared to die. Similar results were observed with washed mycelia and media 
containing 1% and 0-5% of paraldehyde, and in two experiments with 1% acetal, both at 32° for 30 days. 
When 1 c.c. of a 33% solution of acetaldehyde in sterile water was added every 24 hours during 10 days 
to 2 well-washed mycelia of A. oryze on K-medium, no kojic acid was produced during 21 days at 32°. 

Methyl Alcohol, Ethylene Glycol, and 1-Methyl Glycerol as Substrates for A. oryze.—Sterile K-medium 
(300 c.c.) with methyl alcohol (5 c.c.) as sole carbon source was inoculated with spores. No growth 
occurred at 32° during 1 month. Two experiments under similar conditions using washed mycelia 
showed no growth, but deterioration, and no kojic acid was detected by regular tests during a month. 
Growth was also negligible during 6 weeks using 2-5 c.c. of ethylene glycol in 300 c.c. of K-medium 
whether after spore inoculation or with washed mycelia. With 5 c.c. and a washed mycelium, negative 
results were obtained in 6 weeks; deterioration of the mycelium was soon apparent, and no kojic acid 
was formed. In 2similar experiments with l-methyl glycerol (5c.c.) and a fully-grown washed mycelium of 
14 days growth, deterioration occurred and the ferric chloride test was negative during 3 weeks, indicating 
also the absence of the 6-methy]l ether of kojic acid. The concentrated medium was free from 1-methyl 
dihydroxyacetone as tests with Fehling’s solution, phenylhydrazine, and 2 : 4-dinitrophenylhydrazine 
were negative. 4C.c. of 1-methyl glycerol were recovered from the concentrated medium with ether. 

A. oryzz and 6-Methyl Glucose.—6-Methyl glucose was prepared by Bell’s method (J., 1936, 859) and 
had m. p. 145—146° which depended slightly on the rate of heating but was unchanged after 2 further 
crystallisations from alcohol-ethyl acetate; a??° + 87-8° after 50 minutes, and + 55-8° after 24 hours. 
Bell oe cit.) found a?®* + 55° after 24 hours (Found: C, 43-4; H, 7-3. . Calc. for C,H,,0,: C, 43-3; 
H, 7-3%). 

Inoculation of 50 c.c. of K-medium containing 1% and 3% of 6-methyl glucose produced no growth 
at 32° during 4 weeks. In two experiments washed mycelia were placed on 50 c.c. of K-medium containing 
3% of 6-methyl glucose. No further growth was noticed, and repeated tests with ferric chloride were 
negative during 3 weeks. The cultures were then filtered, the mycelium washed with water, and the 
filtrate and washings evaporated under diminished pressure. Extraction of each residue with methyl 
alcohol (50 c.c.) yielded a syrup which quickly crystallised. Of the original 1-5 g. of 6-methyl glucose, 
1-45 and 1-39 g. were recovered. After 1 recrystallisation from methyl alcohol-ethyl acetate both 
specimens had m. p. 145—146° unchanged by admixture with an authentic sample. 

Glucal and A. oryze.—Glucal was p ed from its triacetyl derivative (Fischer, Ber., 1914, 47, 196) 
by Gehrke’s method (ibid., 1931, 64, 1729); m. p. 59—60°. It was too unstable for sterilisation by heat, 
but a specimen freshly recrystallised from ethyl acetate and dried in a vacuum was added (0-4 g. and 0-2 g.) 
to two 20 c.c. samples of K-medium which were then heavily inoculated with spores. No growth 
occurred during a month at 32°. When similar solutions were incubated with washed mycelia no growth 
occurred, and the ferric chloride test was always negative. After 25 days the media were filtered, 
treated with an equal volume of 2N-sodium hydroxide, and kept at 80° under reflux for 2 hours. Under 
these conditions any 2-hydroxymethyl-y-pyrone would have decomposed to acetone, formic acid, 
and glycollic acid. Neutralisation and treatment with a solution of 2 : 4-dinitrophenylhydrazine gave 
no —— until after 1—2 hours. This precipitate was obviously due to a decomposition product 
of the substrate, as the same result was obtained by similar treatment of a solution of glucal. 

Preparation of 2-Deoxyglucose.—The deoxyglucose was prepared from pure glucal by the method of 
Bergmann and Schotte (Ber., 1922, 55, 158). A portion of the syrup gradually crystallised in a desiccator, 
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the bulk solidifying on inoculation. Oily material was removed by washing with alcohol-ether (1 : 3). 
The pale-brown, ill-defined needles were dissolved in water, but gave a syrup on evaporation. This 
solidified and was again washed. The product was then nearly white and had m. p. 145—146° (Found : 
C, 43-2; H, 7-05. Calc. forC,H,,0,: C, 43-8; H, 7:°35%). No information could be obtained from the 
literature as to a suitable solvent for recrystallisation. All the common solvents and also dioxan, pyridine, 
and nitromethane were tried without success. It is slightly soluble in alcohol, and addition of ether to 
the solution precipitated white flocks; with great care one or two small crystals were obtained, but the 
process was very unsatisfactory. Sublimation at 0-5 mm. led to decomposition. Small, almost white 
needles, m. p. 148° (constant), were finally obtained by recrystallisation from amyl alcohol (Found : 
C, 43-8; H, 7°35. Calc. for C,H,,0,;: C, 43-8; H, 7-°35%). The compound is fairly soluble in the hot 
solvent but sparingly soin the cold. These details are recorded owing to the scanty information available 
and the necessity of obtaining a pure specimen for the cultures. 

. 2-Deoxyglucose and A. oryze.—K-Medium (20 c.c.) containing 2-deoxyglucose (2-5%) was inoculated 
with spores of the mould and incubated at 32°. Growth was good, kojic acid being first detected on 
the fifth day. After 21 days the medium was filtered, the mycelium washed with hot water, and the 
filtrate and washings evaporated to 5 c.c. under diminished pressure. Saturated copper acetate solution 
(10 c.c.) and acetic acid (0-1 c.c.) gave crystalline copper kojate. After 12 hours at 0° this was separated 
(0-05 g.; kojic acid = 0-041 g.). Decomposition with hydrogen sulphide gave crude kojic acid (0-037 g.), 
m. p. 148—150°; yield 7-4%. The precipitation of copper kojate is not entirely quantitative. A 
second experiment using K-medium (25 c.c.) with 2-deoxyglucose (2-4%) gave after 18 days copper 
kojate (0-17 g.; kojic acid 0-14 g.). This gave crude kojic acid, m. p. 147—148° (0-12 g.), in a yield of 
20% of the 2-deoxyglucose employed. Both preparations of kojic acid had m. p. and mixed m. p. 
152—153° when recrystallised. A portion gave a diacetate which had m. p. 101—102° unchanged in 
admixture with an authentic specimen of the same m. p. After separation of the copper salt the filtrate 
was freed from copper by hydrogen sulphide; excess of hydrogen sulphide was removed by aeration, 
lead acetate added to precipitate any remaining kojic acid, excess of lead separated as sulphide, and 
hydrogen sulphide removed as before. Refluxing with an equal volume of 2N-sodium hydroxide for 
2 hours gave no acetone (2 : 4-dinitrophenylhydrazine test), indicating the absence of 2-hydroxymethyl- 
y-pyrone from the culture. The dark flocculent precipitate which separated after 4 hours was similar 
to that obtained from the uninoculated medium. 

Tetra-acetyl Hydroxygiucal and A. oryze.—The glucal derivative was prepared by Maurer’s method 
(Ber., 1929, 62, 332) and had constant m. p. 62—63°. Maurer gives m. p. 65—66° after repeated crystal- 
lisation. 1 G. was suspended in sterile K-medium (100 c.c.) and heavily inoculated with spores of the 
mould. Some unhealthy white growth formed after one week at 32° and the sparingly soluble crystals 
diminished slightly in amount, but, even after 6 weeks, growth was unsatisfactory, no kojic acid was 
produced, and much unattacked substrate remained. Two similar media were placed under washed 
mycelia. The acetyl derivative was then much more readily assimilated, and almost disappeared in 


9days. After 10 days, the media were examined by the procedure described under penta-acetyl glucose 
(see below). Evaporation under diminished pressure gave only a slight amount of residual organic 
matter which contained neither kojic acid nor diacetyl kojic acid. 

Penta-acetyl Glucose and A. oryze.—The mould grew very poorly upon this substance and was 
therefore ‘‘ trained ’’. Successive generations were grown in duplicate on double-strength K-medium 
containing 1% of ps glucose in suspension (the solubility is only 1 in 500 parts of water) and 


0-5, 0-2, 0-05, 0-01, and 0-00% of glucose. Two generations were grown on each concentration, the 
average period being 10 days. Even then growth was relatively slow and spore formation poor. 
Sterilisation was carried out at 120°, no hydrolysis occurring under these conditions. Both with the 
original .and with the “ trained ’’ strain, no kojic acid could be detected. The two following experiments 
are typical. The double-strength K-medium (100 c.c.) containing penta-acetyl glucose (1%) in suspension 
was inoculated with the ordinary strain. Growth was slow at 32°, but after 2 months the mycelium 
completely covered the medium and the suspended solid was diminishing in amount. Tests with ferric 
chloride on sterile samples withdrawn at intervals showed no kojic acid. After 80 days the separated 
medium contained 0-03 g. of penta-acetyl glucose of the correct m. p. 129—130°. The filtrate had pH 
ca. 6 and gave no precipitate with 2: ae ag toe ga Evaporation to 3 c.c., extraction with 
ether, and evaporation of the dried extract left a colourless syrup (1 c.c.). This would not crystallise 
on cooling, or in a desiccator during 14 days, or on inoculation with ee glucose or diacetyl 
kojic acid. It gave a strong Molisch reaction. After being left in methyl-alcoholic ammonia at 0° for 
24 hours, diluted with water, and neutralised, it gave no colouration with ferric chloride. Using the 
‘“‘ trained ’’ mould under similar conditions, growth was improved and a complete mycelium formed in 
30 days. The medium was then replaced by 300 c.c. of fresh medium containing penta-acetyl glucose 
(3 g.). The crystals were almost completely assimilated in 26 days. The medium was examined as 
before with similar results. In addition, 20 c.c. were distilled, oxidised with acid potassium dichromate, 
and redistilled. eo was absent, indicating the non-formation of alcohol in the culture medium 
which was again only slightly acid (10 c.c. = 0-15 c.c. of 2N-sodium hydroxide). The evaporated medium 
after extraction with ether contained inorganic acetate but no formate. A duplicate experiment gave 
identical results. 

Two similar cultures were left for 15 days after all solid penta-acetyl glucose had disappeared. Tests 
for diacetyl kojic acid were again negative, and continuous extraction with ether yielded a negligible 
amount of organic matter. Penta-acetyl glucose appears to be completely assimilated by A. oryze 
without giving rise to any recognisable product, thus resembling tetra-acetyl hpdocipetaeal. 

Effect of Carbon Dioxide on Kojic Acid Production from Alcohol.—(a) High concentration of carbon 
dioxide. A series of litre flasks each containing 300 c.c. of K-medium with either 1-3 or 2-1% of ethyl 
alcohol were inoculated and incubated at 32° till a moderate growth had formed (5—7 days). Three 
such cultures were then joined in series, and sterile oxygen-carbon dioxide mixture passed through at 
the rate of at least 31. each day. Samples were withdrawn under sterile conditions and tested for kojic 
acid. With 90% of carbon dioxide and 1-3% and 2-1% of alcohol, growth ceased when aspiration began, 
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and no kojic acid was produced in 30 days. With 30% of carbon dioxide, 25% of oxygen, 45% of nitrogen, 
and alcohol as before, growth was very poor, and no kojic acid was produced in 30 days. With 10% of 
carbon dioxide, 25% of oxygen, and 65% of nitrogen, and 1-3% of alcohol, growth approached normal, 
and kojic acid was detected after 14 days but in relatively small amount judging by the intensity of the 
ferric chloride test. 

(b) Low concentration of carbon dioxide. Special flasks (1 1.) were used with a pocket of l-inch diameter 
containing 50% potassium a solution (25—30 c.c.) half-way up the side. Three flasks each 
containing 300 c.c. of K-medium and 1-86% of ethyl alcohol were inoculated and incubated at 32°. 
Kojic acid formation in 2 of the flasks was followed by the iodometric method of Birkinshaw, Charles, 
Lilly, and Raistrick (Phil. Trans., 1931, B, 220, 139) and in the other by the method already described. 
The yields were normal or above normal, in one case reaching 23% of the theoretical. 

Attempted Detection of Possible Precursors of Kojic Acid.—Tests with phenylhydrazine and its 
2 : 4-dinitro-derivative, Molisch’s reagent, Denigés’s reagent, and Fehling’s solution upon the dilute or 
concentrated media from alcohol cultures before, and in all stages of, kojic acid formation, indicated 
acetaldehyde only. Continuous ether-extraction of the media yielded nothing but almost pure kojic 
acid. 

Titration of the Alcohol Media with Sodium Hydroxide and with Potassium Permanganate before Kojic 
Acid Formation.—Any acid other than kojic formed by the mould should be detectable by alkali titration, 
provided such acid was not neutralised by ammonia produced in the cultures or potassium hydroxide 
arising from the KH,PO, in the medium. This would seem improbable, as in glucose cultures only a 
slight increase in the alkalinity of the medium is ever noticed. Two well-grown and similar mycelia of 
A. oryz@ were well washed, and 300 c.c. of sterile K-medium containing 5 c.c. of ethyl alcohol added to 
each. Samples ( c.c.) were removed at regular intervals and titrated with n/100-sodium hydroxide 
(phenolphthalein) to the first discernible pink colour. Five sets of these titrations were carried out, but 
only two are recorded below, as the others were of exactly the same , the volumes of n/100-alkali 
being almost identical. The amount of acid produced before kojic acid formation is equivalent to no 
more than about 3 c.c. of N/100-alkali. After neutralisation the medium was acidified with 10 c.c. of 
2n-sulphuric acid and titrated with n/10-potassium permanganate which was shown to react at once 
with kojic acid or with compounds such as ethyl acetoacetate. Nothing capable of oxidation by acid 
potassium permanganate was found until kojic acid formation occurred. 

Details of titrations. From 0 to 46 hours the volume of 0-0094N-sodium hydroxide rose from 8-0 to 
11-0 and then fell, until at 94 hours the value was 7:0 c.c. At this point kojic acid was first detected, 
and the titre rose to 16-0 c.c. at 142 hours. In the second culture the corresponding figures were 9, 11-2, 
10-0, and 27.c.c. Kojic acid was first detected at 78 hours. The permanganate titrations at the same 
times were 0-05, 0-05; 0-05, 0-05; 12-0, and 24-0 c.c. 

As the fall in acidity observed just before kojic acid formation might be due to the utilisation of 
acid phosphate for carbohydrate phosphate formation, two cultures similar to those used previously 
were prepared; one, however, contained no phosphate (300 c.c. of water, 5 c.c. of ethyl alcohol, 0-2 g. 
MgSO,, and 0-2 g. of NH,NO,). In the phosphate-free medium no sharp minimum acidity was observed, 
but kojic acid formation, although delayed, was not prevented. During 182 hours (at which time kojic 
acid was first observed) the titre rose from 0-75 c.c. to 1-6 c.c., and the permanganate figures from 
0-05.c.c. to 0-20 c.c. 

Improved Preparation of Bromokojic Acid:—Yabuta’s method (A., 1922, i, 939) gave a very poor 
yield: Kojic acid (6 g.) in water (100 c.c.) was slowly treated with the theoretical amount of bromine, and 
the mixture continuously extracted with ether. Only 0-5 g. of bromokojic acid was obtained. Much 
red tar was formed. Increased concentration of bromine diminished the yield, and interaction in 
organic solvents gave no bromokojic acid. 

Kojjic acid (1 g.) in water (20 c.c.) was treated with the theoretical amount of sodium hypobromite in 
water (15 c.c.) at 0°; after 12 hours at 0° and 36 hours at room temperature, 0-23 g. of bromokojic acid 
separated, a yield of 146%. Nored tar was produced, but the strong smell of bromoform indicated that 
hydrolytic fission of the y-pyrone ring had occurred, probably giving acetol as the first product. Shimmin 
(Thesis, Liverpool 1947; Shimmin and Challenger, in the press) found that bromination in presence 
of a phosphate buffer ona improved yields of bromopyromeconic acid. The method was equally 
successful in this case. ojic acid (3 g.) was dissolved in 50% Se acid (30 c.c.) at 0°. 
Bromine (4 g., 0-5 g. excess) in iced water (150 c.c.) containing potassium dihydrogen phosphate (15 g.) 
was slowly added during 1 hour to the stirred kojic acid solution. After 12 hours at 0°, the clear, pale 
orange solution deposited 3-35 g. of bromokojic acid (yield 72%). Similar experiments gave yields of 
over 60%. Crystallisation from ethyl acetate or ethyl acetate-benzene gave long white needles, m. p. 
169—170°, becoming pink on e ure to light. Yabuta gives m. p. 159—160° (Found: C, 32-6; H, 
2-4; Br, 36-0. Calc. for C,H,O,Br: C, 32-6; H, 2-3; Br, 36-2%). 

The double lead salt of acetic and bromokojic acids (Yabuta, Joc. cit.) is best obtained by the use of at 
least 50% excess of lead acetate (Found: Pb, 41-3. c. for C,H,O,BrPb: Pb, 42-6. Equimolecular 
proportions gave Pb, 39-1%). When 1-5 g. in water (30 c.c.) was saturated with hydrogen sulphide for 
20 hours, extraction of the lead sulphide with hot water gave 0-07 g. of white needles which on recrystal- 
lisation from water melted at 217—-218° (decomp.). Yabuta (loc. cit.) give m. p. 210—212° [Found :: C, 
45-9; H, 3-4; S, 9-9. Calc. for (CgH,O,),5: C, 45-85; H, 3-2; S, 10-2%]. e sulphide gave a red 
colour with ferric chloride. It could not be isolated from the reaction of bromokojic acid with hydrogen 
sulphide in aqueous sodium acetate. 
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25. Compounds Related to Penicillic Acid. Part IV. Synthesis of 
a Phenyl Analogue. 


By A. W. Ninenam and R. A. RAPHAEL. 


The preparation of an analogue of penicillic acid, in which the isopropenyl group is 
replaced by a phenyl group, is described. The properties of some of the intermediates 
have been studied; in byw it has been found that under certain conditions the 
acetylenic ester Ph‘CH(OH)*C=C-CO,Me undergoes a novel prototropic rearrangement to give 
Ph:CO-CH=CH:CO.Me. 


Tue successful synthesis of penicillic acid (I) (Raphael, J., 1948, 1508) rendered it desirable to 
employ the methods used therein to prepare a series of compounds of the penicillic acid type in 
order to determine the features of the structure essential for biological activity. The analogue 
(V), in which the phenyl group takes the place of the isopropeny] group in penicillic acid, was found 
to be readily available by the following method. Phenylethynylcarbinol (Jones and McCombie, 
J., 1942, 733) was carbonated via the disodium salt (cf. Raphael, J., 1947, 805) to produce 
3-hydroxy-3-phenylprop-1-yne-1-carboxylic acid (S-benzylisothiouronium salt) which was esterified 
without further purification to give a 58% overall yield of the methyl ester (II). Catalytic 
semihydrogenation of the acid yielded the lactone of 3-hydroxy-3-phenylprop-2-ene-1-carboxylic 
acid (XII) obviously by way of the unstable lactone (XI) (cf. Thiele and Sulzberger, Annalen, 
1901, 319, 203). 

After a preliminary treatment with charcoal, the ester (II) reacted smoothly with methanol 
in the presence of the boron trifluoride—mercuric oxide-trichloroacetic acid catalyst (cf. inter al., 
Killian, Hennion, and Nieuwland, J. Amer. Chem. Soc., 1936, 58, 80), whereby the crystalline 
methoxy-lactone (III) was obtained. If the charcoaling was omitted the product isolated was 
a viscous oil containing about 30% of the methoxy-lactone. The lactone was readily 
brominated in carbon tetrachloride solution with evolution of hydrogen bromide to yield the 
highly reactive bromo-lactone (IV). Hydrolysis of (IV) with potassium carbonate in aqueous 
dioxan gave the penicillic acid analogue (V) directly. It was found to be considerably more 
stable than penicillic acid itself and, unlike the latter, gave no coloration with ammonia. The 
constitution of (V) was confirmed by sulphuric acid hydrolysis whereby 1-phenylpropane- 
1 : 2-dione (characterised as its a-2 : 4-dinitrophenylhydrazone) was formed. 

It has been shown by Jones and Whiting (j., in the press) that acetylenic hydroxy-esters 
such as (II) react readily with diethylamine to give highly crystalline diethylamino-lactones of 
the type exemplified by (VI). Accordingly it was decided to prepare this diethylamino-lactone 
and subject it to the foregoing procedure of bromination and hydrolysis by the method of 
Jones and Whiting (/oc. cit.) in order to obtain a further modification of the penicillic acid struc- 
ture. The ester (II) reacted exothermically with excess of diethylamine, but the product was an 
oil. Distillation gave the known methyl trans-B-benzoylacrylate (VIII) (2 : 4-dinitrophenyl- 
hydrazone). Suitable treatment of the undistillable residue yielded a small quantity of a cryst- 
alline solid which proved to be the desired diethylamino-lactone (VI). The constitution was 
confirmed by hydrolysis to the lactone of 2 : 3-dihydroxy-3-phenylprop-1l-ene-1-carboxylic acid 
(VII), which, on treatment with diazomethane gave (III). A good yield of (VI) was obtained 
by employing one mole of diethylamine in ethereal solution in the cold; under these conditions 
very little rearrangement took place. Attempted bromination of (VI) resulted in extensive 
decomposition. 

As the above rearrangement seemed worthy of further study it was carried out in the presence 
of a tertiary amine, triethylamine, in order to obviate complications caused by addition to the 
triple bond. Under these conditions a 94% yield of (VIII) was obtained. The mechanism 
of the reaction is conjectured to be as follows : 


Ph-CH(OH)-C=C-CO,Me —> [Ph-C(OH)=C=CH-CO,Me] —> Ph:CO-CH=CH-CO,Me 
(XIII.) 


Under the influence of the base, prototropy occurs to form the allene enol (XIII) which then 
ketonises to the more stable configuration (VIII). 

The very similar prototropic rearrangement of a-hydroxyethylenes to saturated ketones is 
very well known (cf. inter al., Rambaud and Dondon, Compt. rend., 1946, 228, 381; Tiffeneau, 
Bull. Soc. chim., 1907, 1, 1209; Nomura, ibid., 1925, 37, 1245), but, as far as the authors are 
aware, this is the first time such a transformation has been encountered in the acetylenic field. 
The scope and limitations of this novel reaction are being fully investigated. 
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Oxidation of the ester (II) with chromium trioxide gave the crystalline methyl benzoyl- 
propiolate (IX) (2: 4-dinitrophenylhydrazone); catalytic semihydrogenation of this compound 
produced methyl cis-B-benzoylacrylate (X) . 

Preliminary biological tests have shown the analogue (V) to possess about a quarter of the 
antibacterial activity of penicillic acid itself; the methoxy-lactone (III), however, was found to 
be more than thirty times as active as the natural antibiotic. 


Ultra-violet light absorptions in alcoholic solution. 


Ph-CH(OH)-C=C-CO,H Methoxy-lactone (ITI) 
Ph-CO-C=C-CO,Me Bromo-lactone (IV) 

Acid (V) 
cis-Ph-CO-CH=CH’CO.Me ... Diethylamino-lactone (VI) ... 
trans-Ph-CO-CH=CH'CO,Me Lactone of 2-diethylamino-3- 

hydroxyhex-1l-ene-1l-carb- 


trans-Ph-CO-CH—CH’CO,H oxylic acid * 
2 Lactone (XII) 
1 Jones and Whiting, private communication. 


The absorption data confirm the cyclic structure (V) for the analogue, similar to that obtaining 
in the case of penicillic acid itself (Raphael, J., 1947, 805). On the other hand the maximal 


H 
Ph:CO-C=C-CO,Me +> Ph-CO-CH=CH:CO,Me Ph-CO-CH=CH:-CO,Me 
(IX.) cis (X.) trans (VIIL.) 


Cro, 





Ph-CH(OH)-C=C-CO,Me 24% 
II.) 
BF,-HgO-MeOH |: H, on free acid 


Et,NH | 





gh S «: NEt, 
Ph—CH—C=CH CH, Ph-CH-C=CH HCl Ph—CH—C=CH e H—CH= 4 
veeairtme uncial Scone wr O tain 


(IIT.) (VIL.) (VI.) (X1.) 


Br, { 

Br Me ot mie oi] H,; OH Me Mm 

pet e=en —> Ph an H cut fn Ph—C=CH Ht 
(IV.) (v.) (1.) (XIL) 


absorptions exhibited by tvans-8-benzoylacrylic acid and the cis- and trans-methyl esters show 
these compounds to possess the straight-chain configuration as designated; Lutz and Scott 
(J. Org. Chem., 1948, 18, 285) have recently come to similar conclusions from consideration 
of the chemical properties of the substances. This is in contrast to their aliphatic counterpart, 
B-acetylacrylic acid, where ultra-violet measurements indicate a cyclic structure (Shaw, /. 
Amer. Chem. Soc., 1946, 68, 2510). 


EXPERIMENTAL. 


2-Hydroxy-2-phenylprop-1-yne-1-carboxylic Acid.—To a well-stirred solution of sodamide prepares 
from 50 g. of sodium) in liquid ammonia (2 1.) was added a solution of phenylethynylcarbinol (132 3 
(Jones and McCombie, Joc. cit.) in an equal volume of dry ether. After 30 minutes, dry toluene (1 1. 

was slowly introduced, and the mixture stirred overnight until the bulk of the ammonia had poy we 
the residual ammonia was removed by a current of nitrogen. To the resulting suspension of disodium 
salt in toluene, a large excess of solid carbon dioxide was added. The mixture was left until it had warmed 
to room temperature and was then treated with excess of dilute (4N) sulphuricacid. The toluene layer 
was extracted with dilute sodium carbonate solution; the alkaline extract was acidified, the precipitated 
acid extracted with ether, and the ethereal extract washed well with water and dried (MgSO,). 
Evaporation furnished the crude 2-hydroxy-2-phenylprop-1-yne-1-carboxylic acid (142 g.). For analysis 
a small sample was crystallised repeatedly from benzene; the pure acid separated in nacreous plates, 
m. p. 94—95° (Found: C, 67-15; H, 4:55. C,.H,O, requires C, 68-15; H, 4:55%). The S-benzyliso- 
poor many Ig 32% rea, from alcohol in needles, m. p. 161° (decomp.) (Found : N, 8-45. C,,H,,0,N,S 

uires , 8- 19) + 

wa The crude acid was dissolved in dry methanol (750 c.c.) containing sulphuric acid (d 1-84; 30 g.), 
and the solution refluxed for 24 hours. The cooled solution was po into water, and the precipitated 
oil isolated by means of ether. Distillation furnished the methyl ester (II) as a pale yellow oil, b. p. 
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140—143°/0-5 mm., n}$° 1-5455 (110 g.; 58%) (Found: C, 68-9; H, 5-4; OMe, 16-6. C,,H,,O, requires 
C, 69-45; H, 5-3; OMe, 16-3%). 

Semihydrogenation. A solution of the above acid (7 g.) in methanol (50 c.c.) was shaken 
with palladium-calcium carbonate catalyst (500 mg.; 5%) in an atmosphere of hydrogen until one mol. 
of hydrogen had been absorbed. After removal of catalyst and solvent, the residual oil was rapidly 
distilled over a free flame under 12 mm. pressure. The solidified distillate was crystallised once from a 
small volume of alcohol and then repeatedly from light petroleum (b. p. 80—100°). The product (2-3 £) 
formed nacreous plates, m. ) 93—94°, undepressed on admixture with a specimen of the lactone (XII) 
prepared by the method of Fittig and Ginzberg (Annalen, 1898, 299, 17). 

Methoxy-lactone (I11).—(a) A solution of (II) (22 g.) in dry methanol (80 c.c.) was refluxed with activated 
charcoal for 5 hours. The cooled, filtered solution was poured on a catalyst prepared by momentarily 
heating together red mercuric oxide (3 g.), boron trifluoride-ether complex (5 c.c.), trichloroacetic acid 
(100 mg.), and methanol (5 c.c.). After the initial exothermic reaction had subsided, the mixture was 
left at room temperature overnight, and then poured into sodium hydrogen carbonate solution. Isolation 
by means of ether furnished an oil which rapidly solidified; crystallisation from light petroleum (b. p. 
80—100°) yielded the methoxy-lactone (III) (10-3 g.; 47%) as prismatic plates, m. p. 97—98° (Found : 
Cc, 69-4; H, 5-5. C,,H,,0; requires C, 69-45; H, 5-3%). 

(b) If the charcoaling were omitted a viscous oil was obtained which would not solidify. When this 
oil was heated at 120—130° (bath temp.) /10-* mm., about 30% of the product distilled as a colourless 
oil which rapidly solidified. Crystallisation as in (a) yielded the same methoxy-lactone, m. p. and mixed 
m. p. 97—98°. 

vomo-lactone (IV).—A solution of (III) (5 g.) in carbon tetrachloride (25 c.c.) was treated with a 
solution of bromine (1-34 c.c.; 1-1 mol.) in carbon tetrachloride (10 c.c.), and refluxed on the steam-bath 
for 3 hours, by which time the evolution of hydrogen bromide had st ceased. After evaporation 
of the solvent under reduced pressure the residual oil rapidly solidified. Crystallisation from ethanol 
followed by light petroleum (b. p. 80—100°) gave needles of the bromo-lactone (IV), m. p. 114—115° 
(3-5 g.; 50%) (Found: C, 49-2; H, 3-4; Br, 29-7; OMe, 11-7. C,,H,O,Br requires C, 49-1; H, 3-4; 
Br, 29-7; OMe, 11-6%). 

Lactone of 3-Bromo-3-hydroxy-2-methoxy-3-phenylprop-1-ene-l-carboxylic Acid (IV).—A mixture of 
{rV) (5-5 g.); potassium carbonate (5-5 g.), water (6 c.c.), and dioxan (30 c.c.) was heated on the steam-bath 

or5hours. The solution was evaporated to dryness under reduced pressure, the resulting solid dissolved 
in water, and the solution extracted with ether to remove non-acid material. Acidification of the aqueous 
layer and isolation by means of ether yielded a viscous oil which rapidly solidified. Crystallisation from 
benzene gave the acid (V) (2:3 g.; 55%) as needles, m. p. 140—141° (Found: C, 64:2; H, 4:8; OMe, 
14-9. C,,H 90, requires C, 64:1; H, 4-9; OMe, 15-0%). 

Hydrolysis. The acid (V) (200 mg.) was boiled with dilute sulphuric acid (2N; 8 c.c.) until, on cooling, 
no solid crystallised out (ca. 6 hours). The oil formed was isolated by means of ether and treated with 
alcoholic 2: 4-dinitrophenylhydrazine sulphate. The precipitated derivative was thoroughly dried, 
dissolved in benzene, and chromatographed on alumina; an upper orange and a lower yellow band were 
formed. The lower band, containing the bulk of material, was washed through; evaporation and 
crystallisation from isoamyl alcohol gave orange-yellow needles, m. p. 187—188° undepressed on 
admixture with the a-2 : 4-dinitrophenylhydrazone of l-phenylpropane-1 : 2-dione prepared according 
to the directions of von Auwers and Ludewig (Annalen, 1936, 526, 130). ; 

Action of Amines on the Ester (11).—(a) The ester (13 g.) was added slowly to cooled diethylamine 
(15 c.c.); after the initial exothermic reaction was over the mixture was left at room temperature 
overnight. The excess of diethylamine was evaporated and the residual liquid distilled in a vacuum. 
The main fraction (5-5 g.), b. p. 988—100°/0-5 mm., rapidly solidified to a mass of yellow needles, m. 
31°. Analysis indicated that the product was isomeric with the starting material; it was ultimately 
shown to be methyl ¢rans-B-benzoylacrylate (VIII) (Kohler and Engelbrecht, J. Amer. Chem. Soc., 1919, 
41, 768, give m. p. 32°) (Found: C, 69-75; H, 5-4. Calc. for C,,H,,0,: C, 69-45; H, 53%). The 
2 : 4-dinitrophenylhydrazone crystallised from isoamyl alcohol or ethanol-ethyl acetate in orange 
platelets, m. p. 203—205° (Found: C, 55-65; H, 3-9. C,,H,,O,N, requires C, 55-15; H, 3-8%). 

Trituration of the undistillable residue with a little cold ether furnished a crystalline solid (1-2 g.). 
Crystallisation from benzene-light petroleum (b. p. 60—80°) gave the diethylamino-lactone (VI) as 
N 605%). p. 76—77° (Found: C, 72-55; H, 7-4; N, 6-55. C,,H,,0O,N requires C, 72-7; H, 7-4; 

, 6-05%). 

(6) To a solution of the ester (5 g.) in dry ether (25 c.c.) was added a solution of diethylamine (2-7 g. ; 
1 mol.) in ether (10 c.c.), the mixture being kept at 0° After being left overnight at 0° the solution was 
washed with acid followed by sodium hydrogen carbonate solution, and dried (MgSO,). Evaporation 
furnished a brownish oil which solidified on trituration with a little cold ether. Filtration and 
crystallisation as in (a) gave the gee peer pra (4:2 g.; 70%), m. p. 76—77°. Evaporation of 
the mother liquors and distillation yielded methyl tvans-B-benzoylacrylate (650 mg.), m. p. 31°. 

(c) Theester (5 g.) was treated with triethylamine (15 c.c.) ina manner exactly similar to that described 
in (a). On distillation, methyl trans-B-benzoylacrylate (4-7 g.; 94%), m. p. 31°, was obtained. 

Lactone of 2 : 3-Dihydroxy-3-phenylprop-1-ene-1-carboxylic Acid (VII).—A solution of (VI) (250 mg.) 
in concentrated hydrochloric acid (3 c.c.) was heated on the steam-bath for 2 hours. The turbid liquid 
was cooled, water added, and the solution extracted with ether. Removal of the acidic component with 
sodium hydrogen carbonate solution, followed by re-acidification, gave an oil which rapidly solidified. 
Crystallisation from water produced needles (130 mg.), m. p. 126—127°; the compound gave a red 
coloration with ferric chloride (Anschiitz and Bécker, Annalen, 1909, 368, 65, give m. p. 127-5—128-5°). 
Reaction of the acid with excess of ethereal diazomethane gave the methoxy-lactone (TID), m. p. and mixed 
m. p. 98°. 

Methyl Benzoylpropiolate (IX).—The ester (II) (10 g.) was dissolved in acetone (50 c.c.), and a dilute 
sulphuric acid solution of chromium trioxide (6N; 18 c.¢.) added slowly with cooling. After 1 hour, 
water was added; isolation with ether gave a yellow oil which rapidly solidified. Crystallisation from 





[1949] The Hemicellulose of Phormium tenax, ec. Part II. 121 


light petroleum (b. p. 40—60°) or methanol gave plates (8-2 g.; 82%), m. ie 65—66° (Found: C, 70-4; 
H, 4:4; OMe, 16-7. C,,H,O, requires C, 70-2; H, 4-25; OMe, 16-5%). icoholie 2 4-dinitropheny!- 


hydrazine sulphate gave the 2: 4-dinitrophen pti rasone, Gxt in Tn bea . p. 190° 
17 " oN, requires 


(decomp.), from — acetic acid (Found : 
Methyl cis-B- a (X).—A solution of methy benzoylpr iolate (3-13 g.) in methanol 
(25 c.c.) was shaken with palladium-—calcium carbonate po ofr (6%: 50 mg.) in an atmosphere of 
hydrogen until 1 mol. had been absorbed. After removal of catalyst and solvent, the residual oil was 
fractionated; the main fraction (2-2 g.) had b. p. 102—104°/0-5 mm., n?" 1-5450. After some time it 
ae to a hard mass which, on crystallisation from light petroleum (b. p. 60—80°), gave white needles, 
p. 67° (Rice, J. Amer. Chem. Soc., 1914, 45, 1226, gives m. p. 67° for methyl cis-B-benzoylacrylate) 
(Found : C, 68-95; H, 5-25. Calc. for C1,H 90; : C, 69-45; H, 53%). 


The above research was carried out during the tenure of an Imperial Chemical Industries Fellowship 
awarded to one of us (R.A.R.). The analyses were carried out by Mr. S. Bance, B.Sc., A.R.I.C., and 
Messrs. Weiler and Strauss, and the spectrographic data were provided by courtesy of Dr. E. A. Braude 
and Mrs. W. F. Boston. The authors gratefully acknowledge the interest of Professor Sir Ian Heilbron, 
F.R.S., Professor H. Raistrick, F.R.S., Dr. A. J. Ewins, F.R.S., Professor E. R. H. Jones, and Dr. J. N. 
Ashley in this work. 
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26. The Hemicellulose of Phormium tenax (N.Z. Flax). Pari II. 
The Constitution of the Aldotrionic Acid. 


By R. J. McILrRoy. 


The “‘ aldopolyonic ’’ acid of Phormium hemicellulose has been re-examined and found to 
consist of an aldotrionic acid constituted of a terminal residue of p-glucuronic acid and two 
p-xylose residues, one of which is linked through positions 1, 2, and 4, and the other through 


positions 1 and 4. Tentative formule for the aldotrionic acid and the hemicellulose are 
proposed and discussed. 


itric acid oxidation of the methylated aldotrionic ester gave meso-xylodihydroxymethoxy- 
glutaric acid (1 part), 2: 3 : 4-trimethyl saccharo-d-lactone (ca. 1 part), dimethoxysuccinic acid 
(ca. 4%), and an a-hydroxy-acid believed to be xylohydroxydimethoxyglutaric acid (unsymm.) 
(1 part). Partial hydrolysis of the methylated aldotrionic ester (2% methanolic hydrogen 
chloride at 120°) gave 2 : 3-dimethyl methylxyloside and a monomethy! methylxyloside. 


In Part I (J., 1945, 796) a preliminary investigation of the structure of the hemicellulose 
extracted from Phormium tenax (N.Z. flax) by 4% sodium hydroxide was reported. 
Methanolysis of the methylated polysaccharide gave 2 : 3-dimethyl methylxyloside, 2 : 3 : 4-tri- 
methyl methylxyloside (ca. 11%, end-group), and the methyl ester of a resistant acid nucleus 
(aldopolyonic acid). The yield of end-group indicated a chain length of 9—10 xylose units for 
the main xylose chain, while an upward mutarotation on methanolysis of the methylated 
polysaccharide indicated a predominance of §-linkages. Accordingly it was deduced that 
Phormium hemicellulose is constituted of a chain of 9—10p-xylose residues united in 
1 : 4-8-linkage and terminated at the reducing end by an “‘ aldopolyonic ” acid. 

Oxidation of the barium salt of the methylated aldopolyonic acid with nitric acid, 
esterification, and distillation of the mixture of esters (1°27 g.) obtained, yielded dimethyl] 
xylohydroxydimethoxyglutarate (unsymm.) (ca. 30%), together with some dimethyl dimethoxy- 
succinate and other oxidation products tentatively identified as 2 : 3 : 4-trimethyl saccharo-8- 
lactone methyl ester and 2 : 3-dimethyl saccharo~y-lactone methy] ester. 

The methylated aldopolyonic ester has now been subjected to further examination by two 
methods: (a) methanolysis by 2% methanolic hydrogen chloride for 21 hours at 120° in a sealed 
tube, and (0) nitric acid oxidation under the conditions employed in Part I (Joc. cit.) but on a 
larger scale. 

Although the drastic conditions of methanolysis in method (a) led to. considerable 
degradation and not more than 60% of distillable products was obtained, hydrolysis was 
incomplete, one-fourth of the methylated aldopolyonic ester being recovered from the distillate. 
Approximately one-third of the distillate consisted of 2 : 3-dimethyl methylxyloside, identified 
by conversion into 2 : 3-dimethylxylose anilide, m. p. 145°. In addition a small amount (ca. 5%) 
of an unidentified monomethyl methylxyloside was isolated. No free uronic ester was 
recovered. 

Nitric acid oxidation of the methylated aldopolyonic ester (4°35 g.) was more fruitful. The 
mixture of esters obtained on esterification of the oxidation products yielded on distillation 
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dimethyl meso-xylodihydroxymethoxyglutarate (1 part) (identified as the amide, m. p. 163—164°, 
optically inactive), the methyl ester of 2:3: 4-trimethyl saccharo-d-lactone (ca. 1 part), 
dimethyl dimethoxysuccinate (ca. 4% ; identified as the amide, m. p. 270°), and a syrup believed 
to consist mainly of dimethyl xylohydroxydimethoxyglutarate (unsymm.) (1 part). Treatment 
of the syrup with methanolic ammonia yielded a syrupy «-hydroxy-amide (Weerman’s test) 
which had rotation [«]p +26° in water and methoxyl, 33% {cf. xylohydroxydimethoxy- 
glutaramide (unsymm.), [«]p + 27° in water, methoxyl, 310% (Mullan and Percival, J., 1940, 
1506)}. This amide was reported by the latter workers as a syrup, but was obtained by Mauger 
in Part I of this series (/oc. cit.) in crystalline form, m. p. 140°. 

In support of the view that the syrup has the above composition there is the following 
evidence: (a) the isolation of 2 : 3-dimethyl xylose from the products of partial hydrolysis of 
methylated aldopolyonic ester, (b) the isolation of approximately 30% of xylohydroxydimethoxy- 
glutarate from the products of the oxidation described in Part I. 

The dimethyl meso-xylodihydroxymethoxyglutarate could arise only from the oxidation of 
3-methyl xylose. Dimethyl xylohydroxydimethoxyglutarate (unsymm.) could have its origin 
in 2: 3- or 3: 4-dimethylxylose, but the isolation of 2 : 3-dimethyl xylose from the hydrolysis 
products of the methylated aldotrionic ester indicates that 3 : 4-dimethy]l xylose is not the source. 
The methy] ester of 2 : 3 : 4-trimethyl saccharo-3-lactone arises from 2 : 3: 4-trimethy] glucuronic 
acid which must be present as a terminal unit in the methylated aldotrionic acid. 

It is concluded that the aldopolyonic acid of Phormium hemicellulose is in reality an 
aldotrionic acid consisting of a terminal residue of p-glucuronic acid and two p-xylose residues, 
one of which is linked through positions 1, 2, and 4 and the other through positions 1 and 4. 
Possible formule for the aldotrionic acid (I), and for the hemicellulose (II), are given below : 


1 
i if 
a < * (I, m = 9-10.) 
X = p-xylopyranose. G = p-glucuronic acid. 


24 x 1:4 


1 


1: 1:4 


Since Phormium hemicellulose exhibits no reducing properties it is evident that the reducing 
group of the terminal xylose residue of the aldotrionic acid cannot be free but must be involved 
in linkage to a second aldotrionic acid unit or to a xylose chain as in formula (II). The 
calculated equivalent (2816—3080) for formula (II) is in good agreement with the observed 
equivalent (ca. 3000) of the hemicellulose. A final decision on the state of aggregation must 
await determination of the molecular weight of the polysaccharide. 


EXPERIMENTAL. 
(Micro-analyses are by Weiler and Strauss, Oxford.) 


Methylation.— Total’”’ hemicellulose (50 g.) extracted from Phormium tenax var. Ngaro leaves 
800 g., air dry) according to the procedure described in Part I (loc. cit.), dissolved in sodium hydroxide 
750 c.c., 4%), was methylated with methyl sulphate (600 c.c.) and sodium hydroxide (1700 c.c., 30%) at 

40—45°, 10 additions being made at 15-minute intervals. The solution was neutralised by sulphuric 
acid (20%) at 0° and made just alkaline with sodium hydroxide. On warming, partly methylated 
hemicellulose rose to the surface and was filtered off. The filtrate was concentrated at below 50°, and the 
combined pao and concentrate were re-methylated as before. After 5 methylations the 
OMe 348% roduct was separated by filtration of the hot solution. Yield, 72 g. (corr. for ash) (Found : 

e, x ‘o}* 

The crude product, was dissolved in water (600 c.c.) and precipitated by acidification with sulphuric 
acid (20%) at 0°, and the precipitate taken up in acetone and methylated with methyl iodide (288 c.c.) 
and silver oxide (88 g.) at 45° during 8 hours. The product, which was now soluble in methyl iodide, was 
re-methylated with methyl iodide (200 c.c.) and silver oxide (60 g.). Extraction with chloroform and 
precipitation with light petroleum gave a cream powder (39-4 g.) (Found : OMe, 36-7%; ash, nil). 

ethanolysis.—Fully methylated hemicellulose (39-4 g.; OMe, 36-7%) was heated with 2% 
methanolic hydrogen chloride (400 c.c.) for 8} hours at 100°. Final rotation: [a]? +55-1° (c, 0-96; 
constant). Neutralisation with silver carbonate, filtration, and evaporation of the solvent yielded a 
syrup (38-5 g.) which was heated with 3 times the theoretical quantity of saturated barium hydroxide 
solution for 2 hours at 60°. Excess of barium was removed by carbon dioxide, the filtrate evaporated to 
dryness under reduced pressure, and the resultant syrup taken up in dry methanol. Addition of ether 
and light petroleum precipitated the barium salt as a hygroscopic cream powder which was purified by 
a precipitation by ether-light petroleum from solution in methanol. Yield, 10-2 g. (Found: 
OMe, 32:3; Ba, 13-0%). Evaporation of the combined filtrates gave a syrup (26-9 g.) (Found: 
OMe, 45-4. Calc. for dimethyl methylxyloside, C,H,,0,: OMe, 48-0°%). 

Esterification of the Barium Salt.—The barium salt (10-2 g.) was refluxed with 1% methanolic 
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hydrogen chloride (250 c.c.) for 7 hours. Neutralisation by silver carbonate, filtration, and evaporation 
of the filtrate gave a yellow syrup which still contained barium. The syrup was taken up in acetone and 
filtered. Evaporation of the filtrate gave aldopolyonic methyl ester as a yellow syrup (9-54 g.), n}?° 
1-4660°, [a]?°" +87-5° (c, 0-8 in chloroform) (Found : OMe, 44-0%). 

Nitric Acid Oxidation of Aldopolyonic Methyl Ester.—The methyl ester (4-35 g.), dissolved in ‘‘ A.R.”’ 
nitric acid (60 c.c., d 1-20), was oxidised according to the procedure described in Part I (loc. cit.). The 
resultant syrup was esterified by refluxing it with 3% methanolic hydrogen chloride (50 c.c.) for 6 hours. 
Hydrogen chloride was removed by silver carbonate. Ether extraction of the evaporated filtrate and 
concentration gave a neutral, yellow syrup (3-87 g.). 

Fractionation of the Methyl Esters.—The mixture of esters (3-87 g.) was distilled from a vacuum- 
jacketed Vigreux column in the following fractions (b. p.s recorded are bath temperatures). 

Fraction (1). 0-15 G., pale yellow liquid, b. p. 113—123°/0-1 mm., n#* 1-4449 (Found : OMe, 49-1%). 
Treatment with methanolic ammonia at 0° gave dimethoxysuccinamide (15 mg.) which darkened above 
200° and had m. p. 270° (decomp.), not depressed by admixture with an authentic specimen. 
Concentration of the mother liquor gave a second crop (0-11 g.) of dimethoxysuccinamide, m. p. and 
mixed m. p. 270°. 

Fraction (2). 1-73 G., pale yellow liquid, b. p. 140—150°/0-1 mm., n#* 1-4523 (Found : OMe, 46-1%). 
On trituration with alcohol-ether-light petroleum, crystals (0-67 g.) separated. These had 
m. p. 105—106° and [a]? +100°—-> +52° (c, 0-85 in methanol; constant after 20 hours); cf. 
2:3: 4-trimethyl saccharo-8-lactone methyl ester, m. p. 105—106°, [a]p +102° —>» +52° in methanol 
(Smith, J., 1939, 1732) (Found: C, 48-4; H, 6-4; OMe, 50-1. Calc. for CjsH,,O,: C, 48-4; H, 6-5; 
OMe, 50-0%). Treatment of the mother liquor with methanolic ammonia gave crystals (0-64 g.) of 
meso-xylodihydroxymethoxyglutaramide, m. p. 163—164° (decomp.) after darkening at ca. 155°, [a]}®* +0° 
(c, 0-47 in water) (Found : C, 37-2; H, 6-4; N, 14-5; OMe, 17-1. C,H,,0,N, requires C, 37-5; H, 6-3; 
N, 14-6; OMe, 161%). The amide gave a positive Weerman test. 

Fraction (3). 1-23 G., prewar as b. p. 150—160°/0-1 mm., n}" 1-4616 (Found: OMe, 42-9%). 
On standing, this fraction deposi crystals which were —— by trituration with alcohol—ether. 
Yield, 0-35 g., m. p. 105—106° alone or on admixture with authentic 2 : 3 : 4-trimethyl saccharo-8-lactone 
methyl ester. [a]?}” +100° —> +52° (c, 0-8 in methanol) (Found: OMe, 50-0. Calc. for C,,H,,0, : 
OMe, 500%). The mother liquor, treated with methanolic ammonia at 0°, gave a crystalline amide 
(0-51 g.), m. p. 163—164° (decomp.) after darkening at ca. 155°, not depressed by admixture with 
meso-xylodihydroxymethoxyglutaramide from fraction (2); optically inactive in water. 

Fraction (4). 0-10 G., extracted from the column and side-arm of the distilling flask with ether, 
yellow liquid, 73°" 1-4646 (Found: OMe, 38-5%). Trituration with alcohol-ether-light petroleum gave 
2:3: 4-trimethyl saccharo-8-lactone methyl ester (0-05 g.), m. p. and mixed m. p. 105—106°. Addition 
of methanolic ammonia to the mother liquor at 0° gave crystals (12 mg.) of meso-xylodihydroxymethoxy- 
glutaramide, m. p. 163—164° (decomp.) not depressed by admixture with sample from fraction (2). 

Fraction (5). 0-23 G., still residue, b. p. > 180°/0-1 mm., a dark brown, resinous mass, partly charred. 
Extraction with methanol, filtration through charcoal, and evaporation, gave a brown syrup (0-13 g.) 
(Found : OMe, 31-4%). This fraction was treated with methanolic ammonia but it was not possible to 
isolate a crystalline amide. 

Examination of the Combined Mother Liquors.—Concentration of the combined mother liquors yielded 
a yellow syrup (1-1 g.) which had [a]}®° +26° (c, 0-86 in water). Cf. xylohydroxydimethoxyglutaramide, 
a syrup, [a]p+27° in water (Mullan and Percival, loc. cit.) (Found: C, 40-9; H, 69; OMe, 33-0. 
C,H,,0;N, requires C, 40-8; H, 6-8; OMe, 310%). The amide (0-083 g.) gave hydrazodicarbonamide 
(0-037 g.) when subjected to the Weerman test for a-hydroxy-amides. 

Methanolysis of the Aldopolyonic Estery.—Methylated aldopolyonic methyl ester (4-5 g.) was heated 
with 2% methanolic hydrogen chloride (50 c.c.) for 21 hours in a sealed tube at 120°. Neutralisation 
with silver carbonate, filtration and evaporation of the filtrate yielded a brown syrup (4-35 g.) which was 
distilled in the following fractions: Fraction (i), 0-28 g., b. p. 95—105°/0-04 mm., 7° 1-4530 (Found : 
OMe, 46-7%); Fraction (ii), 1-12 g., b. p. 115—120°/0-04 mm., n}° 1-4530—1-4546 (Found: OMe, 
47-2%); Fraction (iii), 0-30 g., b. p. 124—130°/0-04 mm., nj?" 1-4546—1-4586 (Found: OMe, 44-6%); 
Fraction (iv), 0°76 g., b. p. 170—200°/0-04 mm., n}f" 1-4586—1-4641 (Found: OMe, 43-0%). The still 
residue (1-4 g.) was refluxed with 4% methanolic hydrogen chloride (50 c.c.) for 13 hours at 100°. 
Neutralisation with silver carbonate, filtration, and evaporation of the filtrate gave a syrup (1-1 g.) which, 
on distillation, yielded fraction (v) (0-24 g.), b. p. 140—200°/0-04 mm., n?° 1-4575 (Found: OMe, 
49-6%). The final still residue [Fraction (vi), 0-87 g.] was a brown resin. 

Fractions (i) and (ii). These gave negative tests for uronic acid (naphtharesorcin). They were 
combined (1-4 g.) and hydrolysed by heating them with hydrochloric acid (100 c.c., 3%) at 100° for 
8 hours; [a]p (initial) +45°——->+33° (c, 1-4; 6 hours). Neutralisation with barium carbonate, 
evaporation, and extraction of the residue with ether gave a pale yellow syrup which was freed from 
traces of barium by extraction with acetone and filtration. Removal of the solvent gave a syrup (0-8 g.) 
(Found: OMe, 34. Calc. for dimethylxylose, C,H,,0O,: OMe, 34:8%). Refluxing with alcoholic 
aniline and distillation of the solvent converted the syrup to a crystalline anilide, m. p. 145°, not 
depressed by admixture with authentic 2 : 3-dimethyl xylose anilide, m. p. 145° (Hampton, Haworth, and 
Hirst, i 1929, 1748). 2: 4-Dimethyl xylose forms an anilide, m. p. 170° (Hirst and Jones, J., 1946, 
783) ; 3: 4-dimethyl xylose does not form a crystalline anilide. 

Examination of fractions (iii), (iv), (v), and (vi). An attempt to prepare crystalline amides by 
treatment of these individual fractions with methanolic ammonia was unsuccessful, The four fractions 
were combined and heated with saturated barium hydroxide solution (25 c.c.) for 3 hours at 60°. 
Excess of barium was removed by carbon dioxide, and the filtered solution evaporated to dryness under 
reduced pressure. The residue was taken up in dry methanol, and the barium salt (A) precipitated by 
addition of ether. The barium salt was thrice redissolved in methanol and precipitated by ether to 
effect purification. Yield, 0-68 g. (Found: OMe, 28-8; Ba, 19-1%). The combined filtrates, on 
evaporation, yielded a pale yellow syrup (B) (1-01 g.); »}}" 1-4640 (Found : OMe, 30-0%). 
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Esterification of Barium Salt (A).—Barium salt (A) (0-64 g.) was esterified by refluxing it with 1% 
methanolic hydrogen chloride (50 c.c.) for 7 hours. The barium chloride which separated on cooling was 
filtered off, and the filtrate neutralised with silver carbonate, filtered, and evaporated under reduced 
pressure. Traces of barium were removed by solution of the resultant syrup in acetone and addition of 
ether. Evaporation of the filtrate yielded a brown sg ages g.); nif 1-4681 (Found: OMe, 45-0%) 
(cf. methylated y= methyl ester, 13)" 1-4660; OMe, 44-0%). 

Hydrolysis and Oxidation.—The methyl] ester (0-48 g.) from the barium salt (A) was heated with 
n-sulphuric acid (30 c.c.) for 20 hours at 100° in order to remove the ester methoxyl group and at the 
same time hydrolyse the oligosaccharide. The solution was neutralised by barium carbonate, filtered, 
and evaporated to dryness under reduced pressure. The residue was dissolved in water (5 c.c.) and 
oxidised with bromine (1 c.c.) until it was non-reducing to Fehling’s solution. Bromine was removed by 
aeration, and the solution neutralised by silver oxide. Silver bromide was filtered off, and traces of 
silver were removed by hydrogen sulphide. Evaporation of the filtrate gave a syrup which was 
esterified by boiling for 8 hours with 1% methanolic hydrogen chloride (50 c.c.). Neutralisation with 
silver carbonate, filtration, and evaporation yielded a syrup (0-34 g.); [a]?° +72° (c, 1-32 in methanol) 
(Found : OMe, 43-2%; equiv., 495). This fraction was evidently unhydrolysed oligosaccharide. 

Examination of Syrup (B).—Syrup (B) (0-86 g., n}}" 1-4640, OMe, 30-0%) was heated with n-sulphuric 
acid (50 c.c.) for 3 hours at 100°. The solution was neutralised with barium carbonate and filtered, and 
the filtrate evaporated to dryness under reduced pressure. Extraction of the residue with hot acetone 
and evaporation of the solvent yielded a crystalline mass (0-52 g.). Addition of ether to a solution of the 
latter in methanol precipitated barium salt (C) (0-39 g.) (Found : OMe, 25-3; Ba, 17-6%). Evaporation 
of the ether-methanol filtrate and washings gave a colourless, reducing syrup (0-12 g.); m}§° 1-4786, 
[a]}®° + 28° (c, 0-6 in water) (Found: OMe, 20. Calc. for monomethyl xylose: C,H,,0; : OMe, 18-9%). 
This fraction was lost owing to an unexpected interruption of the water services and could not be further 
examined. 

Esterification of Barium Salt (C).—The barium salt (C) (0-36 g.) was esterified by heating it with 2% 
methanolic hydrogen chloride (30 c.c.) for 5 hours at 100°. Neutralisation with silver carbonate, 
filtration, and evaporation of the filtrate gave a syrup (0-28 g.) (Found: equiv., 350). This fraction was 
evidently unhydrolysed oligosaccharide. 
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27. Infra-red Spectra of Compounds of High Molecular Weight. 
Part IV. Silicones and Related Compounds. 


By R. E. Ricuarps and H. W. THompson. 


The vibrational spectra of some silicones and related substances have been measured 
between 2.and 204. The compounds included a series of open-chain methylpolysiloxanes, the 
corresponding cyclic methylpolysiloxanes, some alkoxysilanes, some phenylsilanols and 
condensates, phenylsiloxanes, and chlorosilanes. The spectra have been correlated and several 
plausible vibrational assignments have been made. The results have also been discussed in 
terms of the nature and strength of the Si-O and Si-C bonds. 


IN previous papers measurements on the infra-red spectra of several classes of compounds with 
high molecular weight have been described (Thompson and Torkington, Part I, Proc. Roy. Soc., 
1945, A, 184, 3; Part II, ibid., p. 21; Part III, Trans. Faraday Soc., 1945, 41, 246). The 
present paper deals with some substances containing silicon, such as the open-chain and cyclic 
alkyl- and aryl-polysiloxanes, together with some simpler related compounds, namely the 
alkoxysilanes. The spectra were measured several years ago and some of the results were 
summarised in an earlier discussion (Thompson, J., 1947, 289). “ Recently, Wright and Hunter 
(J. Amer. Chem. Soc., 1947, 69, 803) have published results for some methylpolysiloxanes. While 
our own results and interpretations are in full agreement with theirs, we have measured a rather 
wider spectral range, and our additional measurements with the alkoxy-compounds serve to 
strengthen some of the vibrational assignments. 


EXPERIMENTAL. 


The single-beam and double-beam spectrometers used have been described previously (Whiffen and 
Thompson, J., 1945, 268; Thompson, Whiffen, Richards, and Temple, Hydrocarb. Res. Group. Inst. 
Petrol. Rep. No. 17, 1947; Richards and Thompson, J., 1947, 1248). The effective slit widths were 
approximately 7 cm. at 6», 5cm.-! at 10», and 44cm. at 14. In the region of 3 » with the fluorite 
prism the resolving power was about 15 cm.~, and the other experimental conditions were as given in 
the papers just quoted. a of many of the compounds were obtained from the collection of 
Professor Kipping through the kindness of Mr. Hackford, several were supplied by Professor 
H. J. Emeléus, and others by the Chemical Research Laboratory, Teddington. We are also particularly 
grateful to the research laboratory of the General Electric Company, Schenectady, for the gift of many 
samples of the polymers and alkoxy-compounds. Most of the compounds were of guaranteed high 

urity, except for some of the alkoxysilanes which tend to hydrolyse easily and may have contained a 
ew per cent. of impurity. However, the identity of the spectra of samples of different origin was a good 
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indication of purity in many cases, and in no case could any of the important strong bands have been 
attributed to impurity. ely 

The substances were examined as liquids in very thin layers (ca. 0-01—0-02 mm.), as solid powders in 
a paste with , or in dilute solution in carbon tetrachloride or carbon disulphide. The curves of 
Figs. 1—6 relate to liquids in a cell about 0-015 mm. in thickness, except for the cyclic tri-polymer in 
Fig. 2, which is a solid. The curves of Fig. 6 relate to thin layers of the solid powders of indeterminable 
but comparable thickness. 


RESULTS AND DISCUSSION. 


The spectra are shown in Figs. 1—6. Some regions masked by possible absorption of 
“Nujol” are marked. The high intensity of many of the absorption bands is striking, 
particularly those between 800 and 1300 cm.-!. Wright and Hunter have already drawn 
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attention to this in the methylpolysiloxanes, and have attempted to correlate it with the ionic 
character of silicon—oxygen bonds. In order to reduce the absorption, these authors used dilute 
solutions in carbon disulphide or carbon tetrachloride. Most of our determinations were 
made with thin liquid layers, but the spectra of some of the compounds were also measured in 
the above solvents for comparison. In nearly all cases the positional shifts of the main bands 
were inappreciable unless special phenomena such as hydrogen-bridge formation were concerned, 
as explained below. 

Some tentative assignments of bands to particular types of vibration can be made. As 
regards the methylpolysiloxanes (Figs. 1 and 2, Tables I and II) perhaps the most striking 
feature is a sharp intense band near 1265 cm.-! which is found in both the cyclic compounds 
[‘SiMe,°O*],, and in the open-chain compounds, SiMe,°O-[SiMe,°O],°SiMe,. The same band 
occurs with the alkoxysilanes (Figs. 3, 4, 5, Tables III and IV) provided at least one methyl 
group is directly attached to a silicon atom, and it therefore seems certain that the band is 
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TaBteE I. 
Methylpolysiloxanes, SiMe,*O-[SiMe,°O},,SiMe, : Positions of absorption bands (in cm.-), 
n= vU. a 2. 3. 


- ‘_ = A ‘ 7 A ‘ —_—_——_— —_—_——_——— 
1300 1083 s 1076s 536 1034 s 1030s 
1357 1264s 1264s 1066 1057 
1370 1317 1322 1265s 1085 
1405 1405 1405 1327 1264s 
1417 1417 1417 1405 1328 
1445 1445 1445 1417 1405 
1455 1455 1455 1447 1417 
1013 1577 1546 1600 - 1590 1447 
1057s 1720 1640 1597 
1260s 1735 1647 
1740 








TaBLeE II. 
Cyclic methylpolysiloxanes, [SiMe,*O},, : Positions of absorption bands (in cm.-). 
4. 5. ‘ 7. 


— c oa ‘ f - a | 
1400 545 1416 522 1265s 1102s 563 
1417 696 1450 613 1405 1264s 622 
1450 809 s 1545 702 1416 1405 707 
1560 862 1560 804s 1450 1416 801s 
1597 880 1620 822 1545 1447 821 
1617 1080s 1634 859 1560 1542 857 
1638 1265s 1647 879 1620 1604 1060 s 
1347 1700 1063 s 1700 
1403 1090 


Fie. 2. 
mt 


cm. 
800 7000 1400 


J, 
al 
J 
J. 

















NN 
BAR 
=e 





Absorption, %. 





‘ 

wi 
wl 
WS 


: [SiMe,-O]s. ; re [SiMe,-O],. 


Ss eed 


























(2 


SiMe: *O],. 
ts} e,°0}, 


tSiMet-O]., 5) [SiMe,°O},. 





[1949] Compounds of High Molecular Weight. Part IV. 


TaBLE III. 
Alkoxysilanes ; Positions of bands in (cm.>*) 
(1) SiMe,(OEt),. (2) SiMe(OEt),. (3) SiEt,(OMe), 
, EEE ms - 


oe i re ery 
1368 1189 
1395 
1445 
1485 


2746 
2890 
2907 
2933 
2973 


(4) SiEt(OMe),. 
a 


Ee, 
1100 755 1173 
1192 789 1295 
1250 810 —_— 


—_— 962 2740 
2745 1015 2885 
2890 1080 . 2920 
2950 1109 2960 
2970 1170 2980 


associated with the group Si-Me. In hydrocarbons the symmetrical deformation of a methyl 
group usually has a frequency around 1380 cm.-, but it is not very intense in the infra-red 
spectrum. On this ground alone it seems improbable that the band at 1265 cm. in the silicones 
is to be interpreted in this way. Also, with hydrocarbons in which two methyl groups are 
attached to the same carbon atom, the symmetrical deformation usually splits into two 
components 20—30 cm. apart. No such splitting occurs with the band at 1265 cm. in the 
silicones. Its value is too high for a stretching vibration of the Si-C bond, and there remains as 
plausible interpretation only the rocking mode of the Me group with respect to the Si-C bond, 
as also suggested by Wright and Hunter (/oc. cit.). 

The other intense bands of the methylpolysiloxanes lie near 800 cm. and 1050 cm.-1, and 
these must be connected with vibrations of the Si-C and Si-O linkages. Fig. 1 shows that along 
the series SiMe,°O-[SiMe,°O}],SiMe,, ” being 0, 1, 2, 3, 4, the band near 840 cm. falls in intensity 
and another band near 800 cm. gradually increases in strength. This suggests that the former 
band is connected with the group *SiMe,, and the latter with -SiMe,°, in both cases the controlling 
factor being the stretching of Si-C bonds. In the methylcyclopolysiloxanes [SiMe,°O],, » being 
3, 4, 5, 6, 7, there is an analogous band near 805 cm.-, attributable in the same way to the 
*SiMe,* group. Also in all the alkoxysilanes which we have measured of the type SiMe,R,, 
R being »-butoxy, isobutoxy, ethoxy, -propoxy, and isopropoxy, there is a similar intense 
band close to 800 cm.-!, which could be assigned to the group *SiMe,°. With alkoxy-compounds 
of the type SiMeR,R,R;, too, there is a band near 800 cm. which may be connected with the 
group Si-Me, but it seems to vary in position according to the nature of R,, R,, and R;, more 
than the former band of compounds in which two or more methyl groups are present. 

Other Si-C stretching modes will be expected in compounds containing the groups SiMe, or 
SiMe,, and it is noteworthy that in all the open-chain methylpolysiloxanes a band appears near 
755 cm.-1 which is absent from the corresponding cyclopolysiloxanes, while another band near 
700 cm. occurs both in the open-chain and in the cyclic series. We could then assign the 
former (755) to the SiMe, group, and the latter (700) to the SiMe, group. The group SiMe, 
would then have a pair of Si-C stretching vibrations with values 840, 755 cm.-!, and the group 
SiMe, a corresponding pair with values 800, 700 cm.-1. In hydrocarbons and many other 
compounds, the #ert.-butyl group CMe, is characterised by a pair of frequencies near 1200, 
1250 cm.-1 determined by the stretching of C-C bonds. The change in reduced mass on passing 
to the Si-C bond would suggest a value of about 900 cm.-! in this case, which after allowing for a 
small change in the binding force constants would agree well with the values found around 
800 cm.-1. Although, however, this interpretation seems reasonable, the splitting of the bands 
near 840 and 800 cm.-! remains unaccounted for, and it is possible that this might arise from the 
different pairs of Si-C modes. 
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Two other bands of the open-chain methylpolysiloxanes deserve mention. One has a value 
522 cm.-? in SiMe,*O-SiMe,, and appears to increase uniformly and slowly along the series 
SiMe,*O-[SiMe,°O}],,SiMe, as follows: 562, 585, 596, 607 cm... The other lies at 620 cm. in 
the first member, and increases steadily along the series as follows: 631, 635, 643, 646 cm... 
These two bands are presumably associated with vibrations of the whole skeleton, or to bending 
or rocking modes controlled essentially by the methyl groups. 

The strong bands of the methylpolysiloxanes in the region 1000—1100 cm.— are probably 
connected with stretching vibrations of the —-Si-O- bonds, corresponding to those found around 
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1100 cm.-+ with the ether linkage -C-O-. In the open-chain compounds the band lies near 
1050 cm. but splits into two or more components as the chain lengthens. In the cyclic 
compounds the band lies near 1080 cm.-1, except for [SiMe,°O];, where it is near 1020 cm; 
here, too, the band appears to split as the ring increases in size. In the alkoxy-compounds 
there are intense bands between 950 and 1200 cm.-! attributable to stretching vibrations of 
Si-O and C—O linkages, which are roughly parallel to those found in esters containing the -O-R 
linkage (Thomspon and Torkington, J., 1945, 640). The main point therefore is that stretching 
of the Si-O bond gives rise to a frequency around 1050—1100 cm.-, little different from the 
corresponding mode in ethers and esters. Wright and Hunter have discussed the high intensity 
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of the Si-O vibration. Another point arises, however, namely, that although there is an 
appreciable change in the reduced mass, the frequencies are hardly altered. This must occur 
because of an increase in the force constant of the Si-O bonds compared with C-O bonds. 
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TABLE IV. 
Alkoxysilanes : Positions of bands (in cm.+), 
(1) SiMe,(OPr.),. (2) SiMe(OPr®),. (3) SiMe,(OPr'),. (4) SiMe(OPr'),. 
—_—_— —_—_—_—_ FH oo ee, 
799 1011 761 1104 798 1036 769 1134 
849 1030 781 1157 829 1070 801 1175 
863 1083 814 1172 881 1123 810 1268 
882 1104 855 1269 890 1131 829 1370 
897 1150 881 1395 . 955 1173 874 1382 
914 1256 900 1470 1011 1264 890 1450 
965 915 — —-. 920 1470 
970 2745 935 wo 
1016 2888 1030 2740 
1058 2942 1054 2888 
1087 2970 1123 2934 
2970 
(5) SiMe,(OBu),. (6) SiMe(OBu*),. (7) SiMe,(OBu!),. (8) SiMe(OBu'),. 
o_o oo" —_—_—_—_——_ oa 
800 1007 789 1007 795 1100 789 1118 
838 1039 818 1038 827 1166 807 1166 
859 1090 845 1089 854 1262 824 1265 
889 1099 899 1118 874 1370 863 1370 
900 1118 954 1150 914 1397 914 1396 
955 1149 973 1264 924 1470 923 1468 
975 1237 985 951 — 950 —-- 
983 1260 961 2745 960 2745 
1016 2880 998 2880 
1051 2911 1054 2915 


1085 2968 1089 2965 
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TABLE V. 

Phenyl-substituted stlanols and cyclic phenylpolysiloxanes : Positions of bands (in cm.“). 
(1) SiPh,-OH. (2) SiPh,(OH),. (3) (HO-SiPh,),O. 
oO a ey 
611 1107 510 1028 510 998 
697 1118 696 1068 698 1026 
722 1157 720 1120 720 1078 
738 1187 741 1129 740 1120 
751 1265 749 1184 848 1190 
835 1295 839 1172 860 1268 
998 1325 852 1306 887 1305 
1028 1425 883 1334 972 1430 

1070 1585 907 1427 1590 
975 1592 
998 

(4) SiPh,(O-SiPh,-OH),. (5) [SiPh,-O},. (6) [SiPh,-O},. 
a, ” ocoreuaammmateamenr ap ET, 
518 1076 678 1015 692 1100 
697 1096 697 1032 720 1115 
720 1123 720 1117 742 1177 
742 1157 737 1121 762 1250 
856 1262 744 1175 975 1295 
867 1304 766 1250 995 1425 
975 1328 859 1295 1027 1590 
996 1425 892 1430 1070 
1017 1586 918 1585 

1028 992 


Between 1350 and 1500 cm. bands are found due to vibrations of the methyl groups. In 
the cyclic or open-chain methylpolysiloxanes these occur between 1410 and 1450 cm., and 
as a rule there are two pairs of close bands. These are presumably analogous to the bands of the 
methyl groups in hydrocarbons near 1375 cm.-! and 1460 cm.-', split by the presence of two or 
three methyl groups on the same silicon atom. With the alkoxy-compounds, other bands appear 
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below 1400 cm.-', since here methyl groups are attached to carbon or to oxygen atoms as well. 
The exact position of these bands varies somewhat, much as in the case of esters. 

In the region of 3°4 », the methylpolysiloxanes and the alkoxysilanes show bands associated 
with stretching vibrations of C-H links. Four bands are usually found, near 2740, 2890, 2940, 
2970 cm.*. The first of these is much weaker than the others, and is almost certainly a 
combination or overtone of deformational vibrations. The last three are due to stretching 
vibrations, and the results show that an increase in content of methyl groups strengthens the 
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band at 2970 cm.-!, whereas the bands at 2890, 2940 cm.—! are associated with the methylene 
groups. These values are closely parallel to those found with hydrocarbons (Fox and Martin, 
Proc. Roy. Soc., 1940, A, 175, 208). It is obvious, however, that before these bands near 3°4 » 
can be considered in detail, measurements with higher resolving power will be required. 

The spectra of the compounds containing phenyl substituent groups (Fig. 6) are less easy to 
interpret in terms of specific molecular vibrations. In all the hydroxy-compounds there are 
strong bands in the region 830—880 cm.-1, which are absent in the case of the cyclic diphenyl- 
polysiloxanes, although an assignment to deformational vibrations of the hydroxyl groups 
would be speculative. All the compounds show intense absorption between 700 and 750 cm.+ 
and near 1100 cm.-*. We should expect the intense bending vibration of the C-H bonds in the 
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substituted aromatic nuclei near 750 cm.-!, and the stretching vibrations of Si-O bonds near 
1100 cm.-!, but again it is impossible to make unambiguous assignments. The two bands 
usually found near 1420, 1585 cm.-! probably correspond to the pair of bands near 1500 and 
1600 cm. which normally occur with aromatic hydrocarbons and simple substituted benzenes 
and which are associated with vibrations of the aromatic nucleus. 

The hydroxy-compounds show hydrogen-bridge formation in the solid state. There are 
bands between 3020 and 3060 cm.-! connected with stretching modes of aromatic C-H bonds. 
The solids also show, however, a broad band centred around 3250 cm.-! which gives way in 
dilute solution in carbon tetrachloride to a sharper band near 3690 cm.-!. The latter is due to 
the stretching vibration of free hydroxyl groups, and the former to bonded hydroxyl groups. 
The shift of about 450 cm.- indicates fairly strong hydrogen bonding. It is interesting to notice 
that the vibrational frequency of the free hydroxy] group is almost exactly equal to that found in 
methyl alcohol. 

Some chlorinated silanes have also been measured in the vapour state, such as trichlorosilane, 
ethyldichlorosilane, and diethylchlorosilane. These compounds showed several highly intense 
absorption bands which reached almost complete extinction with a path length of 21 cm. at 
1—2 mm. pressure. The stretching vibration of Si-H links was found close to 2200cm.-!. The 
most intense band seems to lie near 810 cm.-! and may be connected with a vibration of the 
Si-Cl bond. 


We are grateful to the Royal Society for a grant in aid of fue (R E.R) and to the Department of 
Scientific and Industrial Research for a maintenance grant to one o 
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28. The Determination of Magnetic Susceptibility by the Gouy Method. 
By F. G. Bappar, O. M. M. Hirat, and S. SuGpEN. 


An apparatus is described for determining the magnetic susceptibility at room temperatures 
of pure liquids and solutions. It has been found capable of giving reproducible results with an 
accuracy of at least 1 part in 600 with diamagnetics. The following values have been found 
for —10*y: water 0-7200 + 0-0002, benzene 0-7023 + 0-0007, acetone 0-5806 + 0-0008. 


THE object of this paper is to describe the construction and operation of an apparatus for the 
measurement of magnetic susceptibility at room temperature. This equipment has been used 
in these laboratories for a few years and has been found capable of giving reproducible results 
with an accuracy of at least 1 part in 600 with diamagnetics. It consists essentially of an 
electromagnet mounted under an air-damped semimicro-balance with automatically adjusted 
riders. A thin brass rod is attached to the left-hand balance pan; it passes freely through a 
hole in the base and ends in a hook. From this hook hangs the specimen tube which contains 
the substance under examination. The general arrangement is shown in Fig. 1. 

The magnet is a copy of that described by Bates and Lloyd Evans (Proc. Physical Soc., 1933, 
45, iii, No. 248; p. 425) and was constructed in the electrical engineering department of this 
College. We are much indebted to Dr. Lloyd Evans for supervising its construction and for 
help and advice in its operation. The coils consist of cotton-covered wire wound on paxolin 
‘spacers, and are cooled by transformer oil which a pump circulates round the coils and through a 
water cooler. This arrangement gave very effective cooling; a current of 18 amps. could be 
used in the coils for 15 minutes without causing a rise of more than 1° in the temperature 
recorded by a thermometer close to the specimen. The interpole distance was usually 3°1 cm. ; 
this comfortably accommodated the glass draught-screen inside which the specimen tube hung 
freely. With a current of 18°0 amps. in the coils the field in the gap was approximately 
8000 oersteds. This current was read with an accuracy of +0°1 amp. on a Western ammeter; 
since a current of this magnitude produced approximate saturation of the coil a small error in 
adjusting the current caused a much smaller variation in the field intensity. This large current 
was drawn from the D.C. mains and controlled by a number of Zenith resistances in parallel ; 
one of these with wheel and worm gear was used to make final adjustment of the current to 
18°0 amps. The choice of suitable material for the core caused the residual field, when no 
current passed, to be negligible. To minimise hysteresis effects the current was switched on and 
off ten times before a measurement was made. For this purpose a large double-pole knife- 
switch was used as the large inductance of the coils caused considerable arcing at ‘‘ break ’’. 
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The magnet rested on a slate slab supported by brick pillars cemented to the foundations of 
the laboratory; the balance was supported on a strong table above it. A hole in this table 
carried the male half of a standard glass joint; the female part of the joint was attached to a 
glass tube about 3 cm. in diameter which formed a draught screen. A brass rod from the 
bottom of the left-hand balance pan extended to this ground joint so that the specimen could be 
suspended and the draught screen placed around it. The small dotted circle in Fig. 1 indicates 
a side tube carrying a thermometer. 

A number of experiments with specimens of powders packed in cylindrical glass tubes led 
to the conclusion that reproducible packing within 2% could not be obtained. Hence 


measurements with powders were abandoned and pure liquids or solutions used in subsequent 
work. 
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The experimental tube used had the shape shown in Fig. 2 and was made of clear fused 
silica. Glass has frequently been used for such tubes and gives a much smaller value for the 
pull on the empty vessel; this, however, is due to the opposing effects of its diamagnetic and its 
paramagnetic constituent. Since the susceptibility of the latter varies approximately inversely 
with the absolute temperature, the net effect in the glass has a large temperature coefficient and 
appreciable variations were found when the room temperature varied between summer and 
winter conditions. With silica tubes such differences were not observed. 

The tube was filled to a reference mark in the neck which was about 9°5 mm. in diameter. 
Corrections for variation in shape of the meniscus with different liquids were negligibly small. 
The tube was suspended from the brass rod by means of a fitting of feebly magnetic phosphor- 
bronze which had the shape shown in Fig. 2 (some specimens of phosphor-bronze were found to 
be ferromagnetic and were discarded). A mark in the silica tube enabled it to be placed always 
with the same orientation so that the angle its axis made with the vertical was always the same 
{and was very small). By pushing down the loop the two halves of the collar were tightened 
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just below the flange at the top of the tube and held it securely. The silica tube was long 
enough to ensure that the square of the field at the meniscus was negligible compared with the 
square of the field at the base. The lower end of the tube was adjusted to be very nearly in the 
centre of the gap between the pole-pieces, and therefore in the middle of the uniform field region. 
The small displacement of the tube due to movement of the balance had then negligible effect. 

The general procedure in taking observations was as follows. The tube was filled with a 
drawn-out teat pipette, the liquid was adjusted to the mark, and the tube placed in position. 
It was allowed to hang for a suitable time, to get into temperature equilibrium with the 
atmosphere, and then balanced to the nearest gram. The final balance was made with the 
automatic riders of the balance. A series of measurements (usually about 6) were then made 
with the exciting current alternately off and on; the difference gave the pull on the specimen. 
This difference was always measured in terms of the automatic riders; hence a calibration of 
these served for all subsequent measurements. 

In the earlier experiments some trouble was experienced with slow fluctuations on apparent 
weight of the order of a few tenths of amg. This was attributed to the accumulation of static 
electrical charges in the highly insulated suspended system; it was eliminated by placing a 
little uranium oxide in the draught tube and the balance case to ionise the air feebly. With 
this arrangement the forces were reproducible to within +0°03 mg. Since the force on the tube 
filled with the more concentrated nickel solution was 860 mg. and filled with acetone —43 mg., 
this was amply accurate. 

The tube was calibrated with two nickel chloride solutions as described by Nettleton and 
Sugden (Proc. Roy. Soc., 1939, A, 178, 313). The following figures indicate the degree 
of reproducibility attained : 


NiCl,, g./g. soln. B. NiCl,, g./g. soln. B. 
0-1398 0-28243 0-24304 0-28275 
0-28236 0-28217 
0-28236 0-28217 Mean 0-28236 
0-28249 0-28236 Mean deviation +0-00015 
0-28204 0-28204 
0-28275 0-28243 


The value 0°2824 was used in subsequent measurements. 
The volume of the silica tube to the mark was 25°18 c.c. and the force in the empty tube with 
the exciting current 18°0 amps. was — 27°34 mg. 
A series of measurements was made with conductivity water and gave the following 
results : 
Magnetic susceptibility of water (t = 13—18°). 
—10* x. —10® x. —108 x. —10* x. 
0-7204 0-7198 0-7195 0-7200. } Mean 0-7200 
0-7202 0-7202 0-7200 0-7200 Mean deviation +0-0002 


These result agrees with the value usually employed for water and is almost identical with 
that found by Piccard and Devand (quoted by Stoner, ‘‘ Magnetism and Matter ’’), namely, 
X20e = —0°71993 x 10*. No appreciable variation with temperature was observed over the 
small interval at which the measurements were made. 

A few observations were also made with benzene. This was purified by washing with 
concentrated sulphuric acid until colourless, then with water. The product was dried over 
calcium chloride, shaken twice with mercury, twice recrystallised, and then distilled over 
sodium. 

Magnetic susceptibility of benzene (t = 13—18°). 
—10* x. —10* x. —10% x. —10* x. 
0-7013 0-7031 0-7009 0-7018 Mean 0-7023 
0-7026 0-7028 0-7017 Mean deviation +0-0007 


Recent values found for this quantity are : 


Ref. —10* x. 
Z. Physik, 1934, 89, 682 0-6803 
Trans. Favaday Soc., 1936, 32, 701 0-7098 
Physical Rev., 1936, ‘49, 812 0-6977 
Trans. Faraday Soc., 1943, 39, 185 0-7023 
Ibid., 1945, 41, 437 0-702 
pA Amer. Chem. Soc., 1948, 70, 278 0-7065 
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Two specimens of acetone were also examined. Both were prepared from “ AnalaR ” 
acetone and were distilled over potassium permanganate. Specimen (a) was finally dried and 
fractionally distilled over magnesium perchlorate,t whilst (6) was similarly dried with 
anhydrous copper sulphate. As the following ,table shows, they gave indistinguishable 
results. 

Magnetic susceptibility (— 10*y) of acetone (t = 13—18°). 


Specimen (a). Specimen (bd). 
0-5811 0-5804 0-5807 0-5799 0-5801 0-5814 0-5812 0-5805 
0-5816 0-5798 0-5824 0-5793 0-5792 0-5822 '0-5814 
0-5806 0-5787 0-5799 


Mean of all observations, —10* y = 0-5806; mean deviation +0-0008. This gives —10* ym = 33-71. 


The value found in the present work is in good agreement with that reported by Bhatnagar, 
Neoge, and Mathur (Z. Physik, 1936, 100, 141), viz., —10*y = 0°583, but is lower than the 
figures obtained by a number of other workers. 

The apparatus described in this paper has been used to follow the fractionations of some rare 
earths and for measurements in organic liquids. These are reported in the following papers. 


THE SiR WILL1AM RAMSAY AND RALPH FoRSTER LABORATORIES, 
UNIVERSITY COLLEGE, LONDON. [Received, April 12th, 1948.] 





29. The Magnetic Susceptibilities of the Rare-earth Elements. 
Part I. Yttrium. 


By O. M. M. Hira and S. SuGpDEN. 


Yttrium has been purified by fractional a by ammonia carried in a current of air, 


and the process followed by magnetic susceptibility measurements. The limiting value found 
for 10*xXy--- is 0-21 + 0-02. 


Tuis series of papers records the results obtained in experiments with the rare-earth elements 
which have been carried out since 1936. The raw material for the separation of yttrium was 
derived from a Norwegian gadolinite. This had been fractionally crystallised from water as 
bromate until it showed only weak bands of holmium at the head and erbium at the tail. The 
bromate method gives a very slow separation of other rare earths from yttria, so it was decided 
to try a method based on the greater basicity of yttria, namely, the fractional precipitation of the 
hydroxide by ammonia carried in a current of air (cf. Trombe, Compt. rend., 1942, 215, 539). 
This gave a fairly rapid separation which was followed by determining the magnetic susceptibility 
of the Y*” in a chloride solution. The last two series of fractionating gave the following 
results : 


2 3 4 5 6 7 8 9 10 
Penultimate series : 


10®xy--- +049 +0:37 +033 +025 +024 +022 +024 +0-21 ome jai 
Ultimate series : 


10®Xy-*- +0-67 +0°57 +053 +0-38 +027 +0-26 +0-23* +0-20* +0-19* +0-20* 


The susceptibility of the original material (305 g.) was 5°78 x 10 and its equivalent 38°05. 
The experimental error in the determination of yx was estimated to be +0°02 x 10*. The 
fractions marked with an asterisk were regarded as pure yttria. They amounted to about 
18 g. and had 10*y = 0°21 + 0-02 and equivalent 37°64. 

The purest oxide was tested by its emission spectrum on a copper-graphite arc using a small 
quartz spectrograph. No lines other than those of yttrium were found; in particular, the 
persistent lines of holmium and erbium were looked for but were absent. 


EXPERIMENTAL. 


The apparatus used for the precipitation consisted of two Winchester bottles and a flow-meter 
containing mercury connected in series to the water-pum The ammonia solution was placed in the 
first bottle and the rare-earth solution in the second; the Reenter was calibrated roughly, and an air 
speed of ca. 21./min. usually employed. Preliminary experiments showed that the separation improved 
as the concentration of ammonia was decreased but a practical limit was reached at about 10 g./l. With 
this concentration the ammonia was exhausted in some precipitations and was replaced by fresh solution. 


+ After a violent explosion this method of drying was abandoned. 
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The rare-earth solution in the second bottle was adjusted to a concentration of about 40 g./l. It was 
found that with chloride as anion, especially when the yttrium content was low, the precipitate did not 
filter readily; when nitrate was used as anion this difficulty was not encountered. The general 
procedure was as follows. The rare-earth oxide was dissolved in nitric or hydrochloric acid and 
evaporated to small bulk to remove most of the,excess acid; it was then diluted to 40 g./l. and partly 
precipitated by the current of ammonia and air, and allowed to stand for a few hours. The precipitate 
was then filtered off, and the solution returned to its bottle for further precipitation. In the second 
series the head fraction, dissolved in acid and adjusted to ca. 40 g./l., was treated similarly; when about 
half of this had been precipitated a solution of the second fraction was added. This process was 
continued until all the material had been again precipitated. The fractionation was followed by 
determinations of the equivalent of the oxide and the magnetic susceptibility of the ion. 

Determination of oy seagate ge J results could not be obtained by determining the ratio 
oxalate /oxide since the degree of hydration of the oxalate varies with small changes in the conditions of 
precipitation. The method found best was as follows. A suitable weighed amount of freshly ignited 
oxide was dissolved in a known volume of N/2-sulphuric acid. Excess of approximately n/2-potassium 
oxal-te was then added, and the precipitated onale filtered off. The filtrate and washings were then 
titrated with n/2-sodium hydroxide, a mixture of bromocresol-green and methyl-red being used as 
indicator. This mixture gave a very sharp end-point and was not affected by carbonates. In this way 
the equivalent could be determined to 0-1 unit. 

agnetic Susceptibility.—This was determined at room temperature by the Gouy method described 
earlier (this vol., p. 132). In following the fractionation of yttria a solution of about 10% oxide was 
made by weighing freshly ignited oxide, dissolving it in excess of hydrochloric acid, and evaporating 
to a small bulk to remove excess acid. The solution was diluted to about 10%, weighed, and its 
susceptibility determined. 

Let w be the weight of oxide used and q be its equivalent. Assuming complete dissociation or 
negligible effect of incomplete dissociation, the weight of rare earth ion M*’ is w, = w(q — 8)/g. The 
chloride ion which is equivalent to w, = 35-5 w/g. Let w, be the weight of excess hydrochloric acid, and 
w, the weight of water in the solution. Obviously w= W — (w, + w, + w;), where W is the total 
weight of solution. The susceptibilities of chloride ion, hydrochloric acid, and water were taken as 


10*Xc; = —0-673 (Stoner, ‘‘ Magnetism and Matter ’’, p. 270) 


Lone! — —9-799} International Critical Tables 


Assuming that the susceptibilities of the components of the solution are additive, it is readily shown 
that 


a an Oe 720) — 0- 167 _ 9.959% 2 
1% = FAG (10*Xaaie. + 0-720) — 0-720 — —— | — 0.089 3 1 


—8 q-8 
where Xy°* is the susceptibility per g. of the ion M**. It is assumed that the salt is completely 
dissociated ; if this is not true the effect on Xy°*- will probably be very small. 
The excess hydrochloric acid was in some cases estimated by titration. It was usually less than 5% 
so that the term in w, could be neglected. The value of 10®X,.n, could be determined to within 0-002; 


W/w was approximately 10, and q approximately 38; the consequent error in 10*xy°*- was 
approximately +0-02. 


THE SiR WILLIAM RAMSAY AND RALPH FoRSTER LABORATORIES, : 
UNIVERSITY COLLEGE, LONDON. (Received, April 12th, 1948.] 





30. The Magnetic Susceptibilities of the Rare-earth Elements. 
Part II. Samarium. 


By S. SuGpEN and S. R. TaIsy. 


Samarium has been poet by fractional crystallisation of the double magnesium nitrate in 
the presence of bismuth magnesium nitrate and the process has been followed by magnetic 
susceptibility measurements. The value found for 10,20"... is 6-72 + 0-03. 


In this series of papers an attempt is made to use accurate measurements of magnetic 
susceptibility to follow the separation of some of the rare earths. If fractionation is continued 
until a series of successive fractions have the same susceptibility, then good evidence is furnished 
for the purity of these fractions and the value of the magnetic susceptibility of a particular 
element is then known. This method has been used by Urbain in some cases (Compt. rend., 
1908, 146, 402, and later papers), but most observations of magnetic susceptibility have been 
made on specimens supplied by other workers and often on specimens of doubtful purity. 

In the present work crude samaria was fractionally crystallised as double magnesium nitrate 
in the presence of bismuth magnesium nitrate, and eleven fractions ultimately obtained whose 
properties are recorded below. Fractions 14—16 showed faint neodymium bands, but fractions 
17—-24 only samarium bands in the absorption spectra. 
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Properties of samaria fractions. 


15 16 17 18 
6-67 6-62 6-81 6-70, 6°77 


20 21 22 23 24 
6-72, 6-68 6-71, 6-63 6-24, 6-72 6-77, 6-86 8-00 


Mean of fractions 18—23, 10% 20"... = 6°715+0-03; pen, = 1-545+0-004. 


It will be seen that traces of neodymium have accumulated in the head and some impurity of 
higher susceptibility (probably gadolinum) in the tail fraction. Fractions 18—23 inclusive 
were regarded as pure samarium. The effective magnetic moment in Bohr magnetons is given 


by tee. = VAx.T. The atomic weight A was taken as 150°43 and uw. = 1°545. Recent 
determinations of this quantity are listed herewith : 


Effective magnetic moment of the samarium ion (Sm*"’). 


Date. Investigator. Origin of material. 
1933 Wursman & Schultz, Physica, 18, 171 Urbain 

1934 Rodden, J. Amer. Chem. Soc., 56, 648 James 

1934 Selwood, ibid., p. 2392 Hobbins 

1938 Frivold & Lunde, Physikal. Z., 39, 571 von Hevesy 


The theoretical calculations of von Vleck give py» 1°55 or 1°65 depending upon whether the 
value of 33 or 34 is chosen for the screening constant (‘‘ The Theory of Electric and Magnetic 
Susceptibilities ’’, Oxford Univ. Press, 1932, p. 243). The present work confirms recent 
evidence that the lower value of the screening constant is in better agreement with the 
experimental data. 

EXPERIMENTAL. 


The material used was obtained partly from commercial cerium oxalate and partly from a specimen of 
Norwegian gadolinite. In both cases the crude rare earth had been fractionally crystallised as the 
double magnesium nitrate. In all, about 100 g. of crude samarium oxide were used. 

The oxide was reconverted into the double magnesium nitrate and about an equal weight of bismuth 
magnesium nitrate added. Fractional crystallisation was then continued, nitric acid (d 1-3) being used 
as solvent. Throughout this crystallisation care was taken to insure that the double nitrate separated, 
either by leaving a few small crystals undissolved or by seeding with bismuth magnesium nitrate. The 
separation of the desired crystals was obvious on inspection, since magnesium nitrate forms long needles, 
whilst the double salt is rhombohedral. The crystallisation was carried out in 12 fractions with, in all, 
1260 crystallisations. The fractions were contained in 150-c.c. flat-bottomed flasks about one-third full, 
as recommended by Urbain, and losses by bursting of the flasks on heating rarely occurred. 

The rare earth was recovered from each fraction by heating to 180—200° in a silica casserole and then 
pouring into about 600 c.c. of water. This precipitated most of the bismuth as basic nitrate (cf. Marsh, 
J., 1934, 1972). The filtrate from this was precipitated with hydrogen sulphide until free from bismuth ; 
excess of hydrogen sulphide was then boiled off, and the rare earth precipitated by addition of oxalic acid 
after adding a few drops of concentrated hydrochloric acid. The oxide was obtained by ignition of the 
oxalate at about 600°; since it readily absorbs water and carbon dioxide from the air, the oxide was 
again ignited before being weighed for determinations of equivalent and magnetic susceptibility. 

The equivalent of the oxide from fraction 19 was determined by the method described in the preceding 
paper, and three determinations gave 57-93, 57-94, 58-03. The value calculated from the atomic weight 
is 58-14. The experimental values are not accurate to more than one part in 500 so the agreement could 
not be bettered. : 

The magnetic susceptibility of the samarium ion in solution was determined by the method already 
described (preceding paper) and the results are recorded above. Fractions 18—23 gave a nearly 
constant value for the susceptibility of the ion and this gives good evidence for the purity of 
these fractions. The neighbouring rare earths, neodymium and europium, have notably different 
susceptibilities and hence cannot be present in appreciable amounts. 
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31. The Magnetic Susceptibilities of the Rare-earth Elements. 
Part III. Gadolinium. 


By S. SuGcpeEn and S. R. Talzsy. 


Gadolinium has been purified by fractional crystallisation of the double magnesium nitrate 
in the presence of bismuth magnesium nitrate and the process has been followed by magnetic 


susceptibility measurements. e value found for 1 oa" is 168-4 + 0-2. 


CRUDE gadolinia from a Norwegian gadolinite was fractionally crystallised as bromate, and as 
dimethylphosphate, but these methods failed to raise the magnetic susceptibility of the ion to 
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the value expected theoretically, and some impurity of lower susceptibility was retained 
tenaciously. Finally success was realised by fractionally crystallising the double magnesium 
nitrate in the presence of excess of bismuth magnesium nitrate which was continuously added to 
the tail fractions. This removed a constituent of low susceptibility (probably samarium) at the 
head of the series and expelled traces of terbium (which coloured the oxides yellow to brown) at 
the tail. These were rejected and the fractionation continued until about 2700 crystallisations 
had been carried out. The properties of the oxides obtained from the remaining fractions are 
listed below. 
Magnetic susceptibility of gadolinium. 
Fraction. Colour of oxide. 10% 420)..." ion. Colour of oxide. 10% y205...° 
i 159-5 White - 169-2, 169-1 


168-4 Faint yellow 169-5 
168-4, 167-9 Brown 169-0 


Fraction 36 was taken as representing the purest gadolinium and was twice precipitated as 
oxalate, and careful determinations of the equivalent and magnetic susceptibility made by the 
methods already described. The results were: Equivalent, found 60°56, 60°63; theory, 60°30; 
10*%y70;.-- 168°07, 168°79, 168°45; mean 168°44-+ 0°24. The atomic weight being taken as 156°9, 
this gives ut.” = 7°902. The value calculated theoretically by van Vleck (‘‘ The Theory of 
Electric and Magnetic Susceptibilities ’, Oxford Univ. Press, 1932, p. 243) is 7°94. Other recent 
determinations of 4” are collected below : 


Effective magnetic moment of gadolinium. 


Date. Observer. Origin of material. 
1933 Selwood, J. Amer. Chem. Soc., 55, 4869 Hopkins 

1933 Sherwood & Hopkins, ibid., p. 3117 Hopkins 

1935:° Velayors, Anal. Soc. espan. Fis. Quim., 31,597 A. von Welsbach, Prandtl 


EXPERIMENTAL. 


The isolation of gadolinium was first attempted by fractional crystallisation of the bromates from 
water. After 3350 crystallisations the rare-earth oxides were recovered from each fraction, and the 
magnetic susceptibility of the ion determined by the method already described (loc. cit.). The results 
are collected below; fraction 2 showed faint bands due to europium in the absorption spectrum, but the 
other spectra did not show any bands. 


Bromate fractionation. 


Colour of 106 Colour of 10¢ Colour of 10¢ 
Fraction. oxide. 5 Po Fraction. oxide. x%---° Fraction. oxide. SS 
2 Pure white 153-1 Pure white 158-3 18 Yellow 160-9 
155-1 Pre 159-4 20 Brown 160-2 
157-7 Yellow 160-3 23 Dark brown 160-2 
157-2 ed 160-1 
_ The value anticipated for x2... is about 170. It is clear, therefore, that some impurity of lower 
susceptibility is contaminating the whole series and is not separating at an appreciable rate. 
Fractionation as the dimethylphosphates was next tried, using essentially the technique described by 


Marsh (J., 1939, 554). After about 400 crystallisations in seven ions the oxides were recovered and 
examined with the results shown herewith : 


Colour of 108 Colour of 108 Colour of 10¢ 
Fraction. oxide. xe - Fraction. oxide. xa + Fraction. oxide. pe . 


12( — Light brown 160-9 Yellow 162-5 17 Pale yellow 160-0 
13 


165-4 » 16 a 160-6 18 White 153-5 
14 Yellow , 164-6 


This method did not seem to be much more effective than the bromate method, and was abandoned. 

Finally, fractional crystallisation as double magnesium nitrate was used in the presence of bismuth 
magnesium nitrate which was continually added to the tail fractions (cf. Sherwood and Hopkins, 
J. Amer. Chem. Soc., 1933, 55, 3117: Marsh, J., 1934, 1972; Naeser and Hopkins, J. Amer. Chem. Soc., 
1935, 57, 2183). After 2700 crystallisations in about 20 fractions the rare-earth oxide was recovered and 
its magnetic susceptibility measured by the method already described (loc. cit.). The results are given 
above for the fractions that are mainly gadolinium. The head fractions were mostly bismuth 
magnesium nitrate but contained a small amount of rare earth (probably samarium) of low susceptibility, 
whilst the tail fractions were coloured yellow with terbium. 
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32. The Magnetic Susceptibilities of the Rare-earth Elements. 
Part IV. Thulium. 


By S. SucpEn and S. R. TaIrsy. 


Thulium has been isolated by prolonged fractional crystallisation of the bromate followed by 
treatment with sodium amalgam to remove ytterbium. The value found for 10*,2"... is 136-5. 


THE material used in this investigation originated from a Swedish gadolinite. The fractions 
showing the thulium absorption bands were collected from a bromate fractionation, and the 
recrystallisation as bromate continued until pink erbium ceased to separate at the head (about 
7200 crystallisations). Attempts were made to separate any traces of ytterbium by means of 
sodium amalgam (Marsh, J., 1943, 8). This materially increased the magnetic susceptibility of 
some of the later fractions. Fractional precipitation with ammonia carried in a current of air 
(this vol., p. 135) was also tried but gave no further change. Nine fractions of constant 
susceptibility were united and precipitated twice as oxalate to remove any non-rare-earth 
impurities, and determinations of equivalent and magnetic susceptibility were made by the 
methods already described (Found: equiv., 64°13, 64-06, 64°27. Calc. : equiv., 64°47) : 10° x. 
136°5 + 0°1, use, = 7°39. The values found by other investigators are : 


Date. Investigator. Source of material. 
1925 Stefan Meyer, ie a = 51, 478 Von Welsbach 
1925 Cabrera, Compt. vend 

1929 Cabrera & Duperier, ibid., ‘188, 1640 


” 


The experimental value is appreciably lower than the value 7°6 predicted by Van Vleck 
(‘‘ Electric and Magnetic Susceptibilities "’, Oxford Univ. Press, 1932, 243). 


EXPERIMENTAL. 


The bromates containing thulium were crystallised in test-tubes from water as solvent. The erbium 
pee to the head and lutecium and some ytterbium to the tail. (We are indebted to Dr. J. K. Marsh 
or removing most of the ytterbium as bivalent sulphate.) Head and tail fractions were rejected when 


thulium arene pure bands could no longer be detected in them. After 7200 crystallisations each fraction 


was converted into oxide by boiling with hydrochloric acid until no more bromine was evolved, then 
precipitated as oxalate and ignited. The magnetic susceptibility of the thulium ion was then measured 
with the results shown below : 


Magnetic susceptibility of thulium ion. 
10* x20"... (after amalgam 
Colour of oxide. 10® x20"... (bromates). 
i 181-6 


+ 4 tail fractions of lower susceptibility. 


The separation of jum was then carried out by the method described by Marsh (loc. cit.) in 
which about 25 mg. of Sm,O, were added to each fraction, and the acetates treated with sodium amalgam. 
After 5 extractions with ‘sodium amalgam had been made the excess of sodium salt was removed as 
recommended by Marsh. A further 5 treatments with sodium amalgam were then given, the traces of 
heavy metals precipitated with hydrogen sulphide, rare-earth oxides were recovered and their magnetic 

susceptibilities measured with the results given in the last column of the above table. It will be seen that 
the values for the later fractions were raised considerably by this treatment. Fractions 81—91 have a 
nearly constant magnetic susceptibility; they were united and fractionally precipitated by ammonia in a 
current of air (cf. this vol., p. 135). This method had previously been found to be capable of removing 
traces of ytterbium from erbium which were not removed by the amalgam treatment. After systematic 
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separation involving 25 precipitations, nine fractions were obtained and their magnetic susceptibilities 
determined, with the following results : 


Fraction 1 2 3 4 5 6 7 8 


10® x20"... 135-4 135-3 134-9 133-9 134-8 135-2 134-4 135-0 134-6 


No. 1 is the least basic and No. 9 the most basic. The figures quoted above are not absolute values, 
since the calibration of the tube was suspect. They should give correct relative values and it will be 
seen that there is no indication of the separation of a less basic fraction of lower susceptibility. 

To determine the absolute susceptibility, the nine fractions were united and twice precipitated as 
oxalate and ignited to oxide. The equivalents and magnetic susceptibilities were then determined with 
the results quoted on p. 139. 
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33. The Oxidation—Reduction Potential of Sexa- and Quinque-valent 
Molybdenum Ions. 


By A. Riap Tourky and H. K. Et SnHamy. 


Sexa- and quinque-valent molybdenum ions in 8—6 and 4—2n-hydrochloric acid are found 
to possess the formule MoO,” and MoO” within the former range and (MoO*’), and (MoO”"), 
within the latter. The formule refer, however, only to the cationic forms which are present in 

uilibria with other, anionic ones. Between both acid ranges there exist probably mixtures 
of the respective ionic species. By evaluating the redox potentials of the systems within both 
acid ranges and plotting them against Vu, curves are obtained the extrapolation of which to 
zero ionic strength is found unjustifiable. It is therefore safer to consider as practically 
useful values a series of formal potentials each of which pertains to a definite acid concentration. 


(I) The Formule of Sexa- and Quinque-valent Molybdenum Ions in Acid Solutions.—In studying 
the mechanism of the electrolytic reduction of acid molybdates, Foerster and Fricke (Z. physikal. 
Chem., 1930, 146, 81, 173) determined the redox potentials of sexa- and quinque-valent 
molybdenum ions in 2, 4, and 8n-hydrochloric acid. They suggested a formula for the molyb- 
denum ion in each state of oxidation and accordingly represented the half-cell reaction by : 
MoO,” + 2H* = MoO’ + H,O + e¢, irréspective of the acidity of the solutions. The observed 
potentials were found, however, to differ considerably from the calculated ones, especially in 
2 and 4n-acid. This was attributed to a profound effect of the acid on molybdenum ions in 
solution which manifests itself further in the colour change from green to brown as the solutions 
pass from 8 to 2n-acid. Now, although it may be probable that the formule assigned by 
Foerster and Fricke are valid in one range of acidity, yet it is desirable to obtain insight into the 
changes in constitution which accompany the change in colour. As is shown elsewhere (Tourky, 
Farah, and El Shamy, Analyst, 1948, 78, 258), quinquevalent molybdenum is suited for use as 
volumetric reagent, and this required the evaluation of the redox potential of the system 
Mo¥!—Mo’Y on a sound basis. 

Wieland and Kndél (Z. anorg. Chem., 1905, 44, 181) prepared compounds to which they assigned 
formule such as MoCl,(OCs),, MoOCl,(ORb),H,O, and Mo,O,,Cl,,,K,0,6H,O. By tracing 
the formation of the corresponding acids in concentrated hydrochloric acid solutions by transport- 
number experiments it could be ascertained that molybdenum did not move in any appreciable 
quantity in the current, indicating that it formed part of the anionic radical(s) of an acid or 
acids whose ionisation was suppressed in presence of hydrochloric acid. As such, sexavalent 
molybdenum may be incapable of reduction unless it is transformed partly into the cationic 
form(s) which may therefore be assumed to be present in equilibrium by a reaction such as: 
MoO,Cl, + *H,O => MoO,(H,O), + 4Cl-. 

Analogous equilibria may prevail with respect to quinquevalent molybdenum ions (Foerster 
and Fricke, Joc. cit.). We have now determined the equation for the molybdenum half-cell 
reaction, and established the most probable formule for the sexa- and quinque-valent 
molybdenum ions at different acidities, adopting a procedure similar to that used by Carpenter 
(J. Amer. Chem. Soc., 1934, 56, 1847) for finding the constitution of the vanadium ions. 

Owing to the ease with which molybdenum-blue is formed on reduction in solutions less than 
2n in hydrochloric acid content, only more concentrated acid solutions were employed. This 
necessitated the use of a saturated calomel electrode as the other half-cell. The saturated 
potassium chloride bridge was assumed to reduce the liquid-junction potential to a minimum. 
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In each mixture the concentrations of any two constituents were kept constant while the third 
was varied. 


EXPERIMENTAL. 


Molybdic acid of ‘“‘ AnalaR’”’ grade was dissolved in pure concentrated hydrochloric acid. The 
molybdenum content of the solution was determined by precipitation as sulphide and weighing as oxide. 
The chloride ion was determined gravimetrically as silver chloride after distilling measured portions 
with concentrated a acid and receiving the evolved hydrogen chloride in redistilled water. 

Quinquevalent molybdenum was obtained by electrolytic reduction of solutions containing molybdic 
acid in 2 or 8N-hydrochloric acid according to the method of Chelesotti (Z. Elekirochem., 1906, 12, 197), 
the reduction cell being essentially that proposed by Foerster and Fricke (loc. cit.). The reduction 
product was accurately checked by titration against standard ceric sulphate. 

Solutions containing sexa- and quinque-valent molybdenum ions were made by mixing together the 
——— amounts of each solution, and the composition checked by analysis. From a determination 
of the total chloride and subtraction of the amount supposed to be combined, the amount of free hydro- 
chloric acid was computed. Measurements were e on solutions approximately 6—8 or 2—4n with 
regard to free hydrochloric acid. In all cases the molybdenum-ion concentrations were kept low 
relative to the acid. 

The oxidation—reduction cell used was a modified form of that used by Hart and Partington (/., 
1940, 1532). The measurements were performed in a thermostat adjusted at 30° + 0-02°, a ve 
sensitive mirror galvanometer and a platinum-iridium meter bridge being used. The readings for eac 
cell were taken during 24 hours. Equilibrium was usually attained after a few hours and the final results 
did not diverge on the average by more than 0-5 mv. 


Results and Discussion.—By assuming that sexa- and quinque-valent molybdenum ions can 
be represented by MoO,” and MoO” respectively and by letting x and y represent the number of 
molybdenum and oxygen atoms in the former ion and z the number of molybdenum atoms in 
the latter, the formula of the respective ions will be Mo,0,**-*¥ and Mo,O,*. The cell reaction can 
then be represented by 


Mo,0,*-*" + (2y — 2x)H" = = Mo,0," + (y— x) H,O 


from which it follows that 
RT, ‘{(Mo,0,*}!* 
Fn [Mo Oye=-tnjz [H ] eee 


E=E£E,—-— 


the expression for water being regarded as a constant term. 

Not knowing the activity coefficients of the molybdenum ions, we shall use concentrations 
instead of activities. Now, by keeping the concentrations of any two solutes constant and 
varying the third in a series of cells, we obtain three relations in which the term E, will include 
the contribution of the first two solutes. Such relations can be represented as follows : 


CaseI. E = Eg, + (0°0601/z) log [MoO,”] 
Case II. E = Ey, + [0°0601(2y—2x) /x] log [H’] 
Case III. E = Ey, + (0°0601/z) log [MoO™”) 


If E is plotted in each case as a function of the variable concentrations, approximately 
straight lines should result, from the slopes of which x, y, and z could be determined. Measure- 
ments were made corresponding to the three cases above, each in three series. The concentrations 
of the fixed and the variable constituents, together with the e.m.f. values measured and the 
values of , y, or z as evaluated from the plots (of the e.m.f. against the logarithm of the concen- 
trations of the variable constituents), which were always straight lines, are shown in the Table. 

Where the normalities of hydrochloric acid varied between 6 and 8Nn, it was necessary to 
insert activities (as obtained from Lewis and Randall, ‘‘ Thermodynamics ’’, p. 336) instead of 
concentrations for that acid; otherwise values for y were obtained which were quite improbable. 
In solutions with more dilute acid, the replacement of concentrations by activities did not 
materially affect the results. In the 2—4n-acid solutions, it was found that %, y, and z have 
nearly double the values found for them in the 6—8n-acid solutions. 

Foerster (loc. cit.) inferred that Mo¥! became on reduction dark emerald-green in 8n-hydro- 
chloric acid, and yellow or dark brown in 4—2n-solutions. At acid concentrations lower 
than 2n, molybdenum-blue was formed. It is clear from the change in colour of the reduced 
products within the acid ranges 8—6 and 4—2n that a change in the molecular composition 
takes place: Since %, y, and z in the 4—2n-acid have double their values in the 8—6n-solutions, 
it is legitimate to assume that within the former range we have double rather than single 
molecules. It is probable that in the absence of concentrated hydrochloric acid to favour the 
formation of the anionic form(s), cations are abundantly formed which associate, however, in 
solution, forming the double molecules. The cell reaction in 8—6n-acid may now be represented 
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by MoO,” + 2H* = MoO” + H,O + e, whereas in 4—2n-acid it may be (MoO,”), + 4H” = 
(MoO*"), + 2H,O + 2e, which does not, however, imply that portions of the ions are not 
present in the anionic forms. 


Series I. (A) HCl = 8-150m, MoY = 0-1364m. 
0-1267 0-1436 0-1477 0-1730 
0-4859 0-4892 0-4898 0-4939 

Mean slope = 0-0571; * = 1-02. 

(B) MoY¥ = 0-151m, Mo¥! = 0-151m. 
8-207 7-959 7-768 7-576 
0-4735 = 0-4664 0-4604 0-4544 

Mean slope = 0-1704; y = 2-42. 

(C) HCl = 8-150m, Mo¥! = 0-1962m. 
0-1364 0-1063 0-0871 0-0735 
0-4926 0-4990 0-5040 0-5084 

Mean slope = 0-0598; z = 1-00. 


Series II. (A) HCl = 7-998m, MoY = 0-0032m. 
0-0032 0-0061 0-0091 0-0124 
0-4656 0-4828 0-4933 0-5018 

Mean slope = 0-0615; x = 0-98. 
(B) MoY = Mo¥! = 0-0032M. 

7-998 7-615 7-233 6-850 
0-4468 0-4372 0-4269 0-4162 
Mean slope = 0-1440; y = 2-21. 

(C) HCl = 7-998m, Mo¥! = 0-0099M. 
0-0029 0-0058 0-0090 0-0119 
0-4838 0-4669 0-4564 0-4496 

Mean slope = 0-0554; z = 1-08. 


Series III. (A) HCl = 3-00m, MoY = 0-0001m. 
0-0034 0-0063 0-0093 0-0122 
0-2907 0-2990 0-3041 0-3078 
Mean slope = 0-0309; + = 1-94. 
(B) Mo¥ = Mo¥! = 0-0032m. 
2-00 2-40 2-80 3-30 
0-2720 0-2820 0-2908 0-3003 
Mean slope = 0-1305; y = 4:18 if x = 2. 
(C) HCl = 3-122m, of Mo¥! = 0-009. 
0-0031 0-0062 0-0093 0-0125 0-0156 0-0187 
0-3152 0-3063 0-3012 0-2976 0-2947 0-2924 
Mean slope = 0-0293; z = 2-05. 


(II) The Oxidation—Reduction Potential of Sexa- and Quinque-valent Molybdenum Ions.—On 
account of the presence of quinque-valent molybdenum in two forms within the acid ranges 
8—6 and 4—2n-hydrochloric acid, it is probable that the system MoY!—MoV will possess two 
redox potentials. In order to evaluate these potentials, series of cells were made in which the 
concentration ratio of sexa- and quinque-valent molybdenum ions and of hydrochloric acid 
were maintained constant but their actual concentrations were varied. In the following table 
representative results of measurements of cells where the acid concentrations were either 8—6 
or 4—2n are shown. The quinque- and sexa-valent molybdenum concentrations were equal to 
each other in each cell and were much lower than those of the acid. 


7-92 7-32 7-00 “ 6-12 
118-77 63-34 31-67 . 4-75 
0-4547 0-4301 0-4184 . 0-3909 





3-30 3-00 2-70 . 2-10 
Mo¥! 128-27 102-61 76-96 51-31 . §-15 
E.m. 0-3426 0-3316 0-3194 0-3072 . 0-2835 


Results.—The cell reaction giving rise to the e.m.f. can be written as follows : 
MoO,” + 2H" + Cl’ + Hg = MoO” + H,O + HgCl 
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The relation connecting the e.m.f. of the cell and the activities is represented by the equation 


E = Ey’ + (RT/nF) in MOOT laa we. fabs Ss Sek 


in which E,’ = E,(Mo%!/MoY’) — E, (calomel) and the brackets refer to activities. This equation 
can be written in the form 


E — (RT /nF) in ([H"}{[Cl’) — (RT /nF) In [MoO,"]/[MoO™*] = E,’ + (RT/mF)in fylf, - - (2) 


In this equation [MoO,”] and [MoO""] refer to concentrations in mols. per litre and f, and 
f, are the respective activity coefficients. Since [MoO,”] is made equal to [MoO”™")} and [H*}*{CI’] 
= [HCI}*/*,q, the above equation may be transformed into 


E — 3(RT/mF) In [HCl] = E,’ + (RT/mF)Inf,ftuaf,- - - - - - (3) 


Extrapolation of the left-hand side in equation (3) against the square root of the ionic 
strength « to u = O should yield the value of E,’, since at infinite dilution all activity coefficients 
become unity. The valuesof the left-hand side of the equation resus by the term E,” as 


0-30 
0-29 
0-28 
0-27 
0-26 
+ 0-25 
0-24 
a ae 
0-22} 
0-27 
0-20 














) 04 08 12 1620 24 28 
Vi. 

plotted against +/u are shown in the figure, but neither graphical nor theoretical extrapolation 

(using the least-square method) of either of the two curves leads to reliable results. However, 


the curves are of interest as they provide further evidence for the existence of two different 
forms within the two acid ranges. 
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34. The Cobalt Halide and Thiocyanate Complexes in Ethyl-alcoholic 
Solution. 


By M. Bosretsky and K. S. SPIEGLER. 


The change of colour from pink to blue, which occurs on addition of hydrogen chloride to 
* solutions of cobaltous nitrate in mixtures of ethyl alcohol and water, was studied. It was found 
that the stability of the blue complexes increases gradually with the alcohol concentration and 
that the concentration of hydrogen chloride causing half of the maximum absorption in the red 
range of the spectrum decreases linearly with the alcohol concentration of the medium. These 
facts led us to a photometric and conductometric study of the complexes in absolute alcohol. 
The bromo-, iodo-, and thiocyanato-complexes were also studied, and complete analogy in the 
composition of all complexes found. Conductometric N) and indicate that compounds 
are formed in the ratio Co: X = 1: 2 (X = Cl, Br, I, or hotometric experiments 
using Job’s method of continuous variations prove definitely ry in e presence of excess X~ 
ions, complex ions [CoX,]~~ are formed. The decoloration of blue solutions of cobaltous 
chloride by mercuric chloride is shown to be due to the formation of [HgCl,]~~ ions. 


Many investigations have been made of the change of colour of solutions of cobaltous chloride 
under the action of heat, halides, alcohol, sulphuric acid, or other reagents, The bromide, 
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iodide, and thiocyanate of cobalt behave similarly. These changes have been attributed to 
changes in solvation of the cobalt ion (Jones, Z. physikal. Chem., 1910, 74, 325; Houston, 
Physikal. Z., 1913, 14, 424) or in its co-ordination number (Hill and Howell, Phil. Mag., 1924, 
48, 833; Hantzsch, Z. anorg. Chem., 1917, 166, 237), and to the formation of complex compounds 
[CoX,]"-®-, X being a halogen or thiocyanate ion (Donnan and Bassett, J., 1902, 81, 939; 
Groh, Z. anorg. Chem., 1925, 146, 305; Howell and Jackson, J., 1936, 1268; 1937, 621; 
Brintzinger and Retanarat, Z. anorg. Chem., 1935, 228, 106; Kiss, Czokan, and Richter, Chem. 
Absir., 1942, 86, 2803). Spectroscopic evidence (Macwalter and Barratt, J., 1934, 517) showed 
that the same blue compound exists in aqueous and in ethyl-alcoholic solutions containing a high 
concentration of hydrogen chloride. In aqueous solution the blue compounds are unstable and 
are formed only at high concentration of halogen ions; in ethyl-alcoholic solution, however, the 
compounds are rather stable. This fact led us to the study of the composition of the coloured 
halogeno-complexes in ethyl-alcoholic solution by measurements of electrical conductivity and 
light absorption. In a number of photometric measurements, Job’s method of continuous 
variations as adopted by Vosburgh and Cooper (J. Amer. Chem. Soc., 1941, 68, 437) for the study of 
complex ions was used. The method consists of making a number of mixtures of solutions of equal 
molarity of the two reactants, A and B, and measuring the optical densities of the mixtures at 
certain pre-selected wave-lengths. If the extinction coefficients of the reactants are negligible, 
the optical density is a maximum or minimum for the mixture in which the two reactants have 
been brought together in the proportions in which they react. Even if the reactants combine in 
different ratios, and stable compounds AB,, AB,,..., AB, are formed, the maxima or minima 
of optical density occur at the ratios x = n, m..., z provided particular wave-lengths are 
selected. The wave-length at which the molar extinction coefficient of AB, (the compound with 
the highest index z) exceeds that of the next lower compound AB, as much as possible is most 
suitable for determining the composition of AB,. 

The method of continuous variations is not suitable for determining the composition of the 
cobalt halide complexes in aqueous solution, owing to their low stability in this medium. On 
the other hand, it proved possible to determine the ratio Co : X in the alcoholic systems, and 
from these data conclusions may be drawn about the composition of the complexes in aqueous 
solution. 


EXPERIMENTAL. 


For the determination of the extinction coefficients a Hellige ‘‘ pan photometer ’’ equipped with a set 
of glass colour filters was used. The depth of the light-absorbing layer was 1 or 5 mm. according to the 
intensity of the colour of the solution. 

The conductivity of the solutions was measured by means of the Leeds and Northrup Wheatstone 
bridge with an A.C. galvanometer as nullinstrument. The current was 50 cycles. A small cell holding 
about 3 c.c. was used. Its constant was determined by means of n/50-potassium chloride at 25°. The 
accuracy of these measurements was -+-0-5%. 

Solutions of CoCl,, ZnCl,, CdCl,, HgCi,, Hg(OAc),, NaI, and NH,SCN were made by dissolving the 
anhydrous salts in absolute alcohol. Cobaltous nitrate dihydrate was prepared by dehydration of the 
hexahydrate at 74°. Complete dehydration of cobaltous nitrate by this method is not possible owing to 
partial decomposition. The dried product was dissolved in absolute alcohol, and the solution filtered. 
— of hydrogen chloride and bromide were prepared by passing the dry gases through absolute 
alcohol. 

The Cobalt Chloride Complexes in Ethyl Alcohol-Water Mixtures.—In order to study the stabilising 
influence of alcohol on the cobalt chloro-complexes, different amounts of hydrogen chloride were added to 
solutions of cobaltous nitrate in alcohol—-water mixtures, and the absorption of the solutions in the red 
range of the spectrum measured (filter 6600 a.). The results are plotted in Fig. 1. It is seen that in 
water the blue compound is not formed at concentrations of hydrogen chloride lower than 5n, whereas in 
absolute alcohol the blue colour appears even at the smallest concentration of chloride. In the alcohol- 
water mixtures the minimum concentration of chloride necessary to cause complex formation decreases 
with increasing alcohol concentration. In all media the extinction coefficient reaches the same maximum 
value and further addition of hydrogen chloride causes no change. Only in water was the maximum 
not completely reached. If the concentration of hydrogen chloride causing half of the maximum 
absorption, [ClI],/2, is plotted against the water concentration, a straight line is obtained, which passes 
nearly through the origin (see straight-line graph, Fig. 1). This implies that at this absorption the 
ratio between chloride and water is the same in the different media. 

Conductivity Measurements.—In order to determine the composition of the complexes between cobalt 
and halide ions, the conductivity of a series of solutions of constant halide or thiocyanate concentration 
and varying concentrations of cobalteus nitrate was measured. The results are shown in Fig. 2. A 
conductivity minimum at the molar ratio R = Co: X = 1: 2 is common to all the curves. The initial 
decrease in wor, a due to complex formation, and the minimum indicates the formation of a 
compound containing and X in the ratio 1:2. It cannot be inferred from these curves whether 


complexes of lower Co : X ratio exist, as the conductivity curve does not consist of straight lines, but is 
U-shaped. On the right side of the minimum no further breaks in the conductivity curves, which might 
indicate the presence of cation complexes, are observed. Here, the increase in conductivity with further 
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additions of cobaltous nitrate is smaller than one would expect from the conductivity of pure solutions of 
the a. This may be due to the higher viscosity of the solutions containing the halogen or thiocyanate 
complexes. 

nerally, the results of measurements of conductivity in alcoholic solution do not lend themselves to 
interpretation as easily as those obtained in aqueous systems. As in alcohol the dissociation of many 
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Extinction (filter 6600 a.) of solutions of 0-01m-cobaltous chloride and hydrogen chloride in ethyl alcohol— 
water mixtures at room temperature. All values calculated for 1 cm. of absorbing solution. Half- 
extinction concentration of hydrogen chloride plotted against alcohol concentration. 
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Specific conductivity x in absolute alcohol at 0° against molar ratio Co/X : Co(NO,), + 

(A) 0-72n-HCI, (B) 0-72N-HBr, (C) 0-5n-Nal, (D) 0-05n-NH,SCN. 


electrolytes is not complete, equivalence points cannot be determined by linear extrapolation. From our 
measurements the composition of anion complexes cannot be determined, but the occurrence of a distinct 
conductivity minimum at the molar ratio Co: X = 1 : 2 shows that compounds are formed at this ratio. 
The number of solvent molecules in the co-ordination sphere or the degree of association of these complexes 
cannot be determined by conductometric experiments. The compounds are not autocomplexes, for 
their spectra are different from those of the ions [CoX,]~~ (see later). Solid alcoholates Cotl,, 2EtOH 
L 
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and CoCl,,3EtOH are reported in the literature. If we assume that the number of solvent molecules in 
the co-ordination sphere is equal in the solid and dissolved salts and also that the co-ordination number 
5 is improbable, it may be assumed that the complexes present in solution are of the composition 
[CoCl,(EtOH),] or, generally, [CoX,(EtOH),], i.c., undissociated, solvated molecules. i i 
Photometric Measurements.—The table shows the extinction coefficients of alcoholic solutions of 
m/10-cobaltous nitrate, and of m/10-cobaltous chloride alone and in the presence of a large excess of 
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Extinction of mixtures of x c.c. of Co(NO,), and (10 — x) c.c. of halide solution of concentration c for filters 
6600 and 6900 a. The straight lines E, are calculated on the assumption that a compound at the ratio 
R = Co/X = 1/2 is formed, but does not react with excess halide: LiCl,c = 0-2m; HBr, c = 0-2m; 
NaI, c = 0-95m; NH,SCN, c = 0-1m. 





Extinction coefficients in absolute alcohol for different filters. 


Extinction coefficient, E, at : 
Composition of solution. “i ; 6600. 5700. 5500. 5300. 
1 C.c. 0-1m-Co(NO,) ++ 9 c.c. EtOH 1 5 17 20 
1 C.c. O-Im-CoCl, + 148 89 39 29 12 
a 462 62 15 10 6 


hydrogen chloride. The medium was absolute alcohol. It is seen that the extinction of cobaltous 
chloride cannot be interpreted as a mere superposition of those of rose cobaltous nitrate and of the blue 
compound formed in excess of — chloride; it has a spectrum of its own. On the other hand, 
spectra of solutions containing and X in the ratio 1:3 can be interpreted as a superposition of 
cobaltous nitrate, CoX,, and CoX, in the presence of a large excessof X~ ions. It was therefore assumed 
that complexes containing cobalt and X in the ratio 1 : 3 do not exist. 

Fig. 3 shows the extinction coefficients E at wave-lengths 6900 and 6600.a. of solutions containing 
cobaltous nitrate and different halides. The sum of the molar concentrations of cobalt and X is equal in 
all solutions of a particular series. From these curves the difference E — E, (E, = the extinction 
coefficient of the solution containing Co and X in the ratio 1 : 2) was calculated and plotted in the same 
diagram. The latter curves have a distinct maximum at the vatio Co: X-= 1: 4, showing that compounds 
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ave formed at this ratio. Only the curves for bromide are not very clear: the curves showing E against 
cobalt concentration have a maximum at the ratio Co: Br = 1:4, but the E — E, curve has no 
maximum. 

The Action of Mercuric, Zinc, and Cadmium Compounds on Alcoholic Solutions of Cobaltous Chloride.— 
Although phase studies of the systems CoCl,-MCl,-H,O (where M = Hg, Zn, or Cd) were made (Bassett 
and Croucher, de 1930, 1784; Benrath, Z. anorg. Chem., 1927, 168, 396) the reaction between cobaltous 
chloride and other chlorides had apparently not been investigated in solution. We studied the 
disappearance of the blue colour of alcoholic solutions of cobaltous chloride when added to different 
amounts of mercuric, zinc, and cadmium salts in alcoholic solution by measuring the absorption of the 
solutions so formed. The solutions do not turn blue at first, but only after a certain quantity of 
cobaltous chloride has been added. 

Fig. 4 shows the absorption coefficients (filter 6600 a.) of pure alcoholic solutions of CoCl, (A) and 
of mercuric salts to which different amounts of pure alcoholic solution of cobaltous chloride were added 
(B, C). At large concentrations of cobaltous chloride the curves eventually become parallel, and from 
the distance between the parallel curves the amount of cobaltous chloride which reacts with the mercuric 
compound can be calculated. It is seen that cobaltous chloride combines with mercuric chloride and 
acetate in the ratios Co: Hg = 1: 1 and 1: 2, respectively, which suggests the formation of complex ions 
HgCl,-~. Thesame conclusion was reached by measuring the absorption at 6900 a. 

Similar experiments were carried out with cadmium and zinc chloride, and from the distance between 
the curves we calculated the ratios CoCl, : CdCl, = 1 : 1-3 and CoCl, : ZnCl, = 1: 1-4. 
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Extinction (filter 6600 a.) of solutions of cobaltous chloride and mercuric chloride and acetate in absolute 
alcohol at room temperature : (A) CoCl,; (B) CoCl, + 0-044m-HgCl,; (C) CoCl, + 0-044m-Hg(OAc),. 


Discussion.—From the photometric data it may be concluded that, in the presence of a 
sufficient excess of halogen or thiocyanate ions, the ratio Co : X in the complex ions formed in 
alcoholic solution is 1:4. As the spectra of alcoholic and aqueous solutions of cobaltous chloride 
containing an excess of hydrogen chloride are nearly equal (Richter, Chem. Absir., 1939, 38, 
4126; Macwalter and Barratt, Joc. cit.), the same compound exists also in aqueous solution. On 
the other hand, the spectra of aqueous solutions of cobaltous chloride containing an excess of 
hydrogen chloride and of solid anhydrous Cs,CoCl, are identical (Schultz and Lilec, J. Amer. 
Chem. Soc., 1942, 64, 2784). In the latter salt four chlorine atoms are grouped in tetrahedral 
configuration around the central cobalt ion (Powell and Wells, J., 1935, 359). The co-ordination 
number of cobalt in the complex ion formed in excess of chloride is therefore 4, and the 
composition of the ion [CoCl,]-~. It may be assumed that also in the bromide, iodide, and 
thiocyanate complexes no solvent molecules enter the inner shell of the complex ion and the 
general formula of these ions is [CoX,)~~. 

Apart from these complex ions there also exist complex compounds containing cobalt and X 
‘in the ratio 1:2. These compounds are formed at lower halogen concentrations or even when 
the anhydrous salts CoX, are dissolved in absolute alcohol. Their spectra are different from the 
spectrum of [CoX,]~~ and are not a superposition of the spectra of cobaltous and [CoX,]~~ ions. 
Their existence was proved by measurements of conductivity. 

The measurements of the extinction coefficient in alcohol-water mixtures (Fig. 1) show that, 
whereas in water a high concentration of chloride is necessary to replace the water in the 
co-ordination sphere, the introduction of chloride is facilitated in the alcohol-water mixtures. 
This is due to the smaller concentration of water and the association between alcohol and water 
molecules. In absolute alcohol the chloride ion enters the co-ordination sphere immediately and 
therefore the reaction between chloride and cobaltous ion is nearly quantitative. 
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The constancy of the ratio [Cl] ,,./H,O bears an interesting relation to the findings of Howell 
and Jackson (loc. cit.), who investigated the action of chlorides on aqueous solutions of cobaltous 
chloride. From measurements of the viscosity and optical absorption of the solutions they 
conclude that the ratio between the concentrations of chloride and water in the medium 
determines the structure of the co-ordination sphere. 

The different theories put forward to explain the colour change of aqueous solutions of 
cobaltous chloride on addition of halides or thiocyanates, alcohols, or other organic solvents, 
sulphuric acid, or even on heating are actually correlated. The colour change was explained by 
changes in solvation, co-ordination number, and complex formation. We think that the deep 
colour is characteristic of the covalent bond between cobalt and X, which causes deformation of 
the electronic orbits. In aqueous solutions there is equilibrium between two actions: (a) the 
tendency of the halogen ions to form a covalent bond (between the 4s electrons of the cobalt and 
the p electrons of the halogen), and (b) the shielding action of the molecular dipoles of water 
which prevent this approach. 

Factors enhancing the covalent-bond forming tendency (e.g., increasing the concentration of 
halogen ions) or weakening the shield of water molecules (e.g., the addition of organic solvents of 
lower dielectric constant than water, or of dehydrating agents such as sulphuric acid, or a rise in 
temperature) transform the ionised cobaltous salts into covalent compounds of deep colour. In 
the covalent compounds the distance between Co and X is smaller than in the solvated pink 
compounds. Whereas in the pink compounds the co-ordination number of cobalt is 6, there is 
room for only four radicals X if the latter are bound to the central cobalt by a covalent bond. 
Thus the formation of the covalent compounds implies desolvation, change in co-ordination 
number, and deformation of the electronic orbits resulting in change of colour and magnetic 
properties (Datta, Physikal. Ber., 1934, 15, 1323, 1910). 


The authors wish to acknowledge the assistance of Mr. N. Sternberg in this investigation. 
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35. The Kinetics of the Dehydrochlorination of Substituted Hydro- 
carbons. Part I. Induced Dehydrochlorination. 


By D. H. R. Barton. 


The rates of dehydrochlorination of substituted ethanes in the presence of small amounts of 
oxygen or chlorine have been studied by a flow method using clean-walled glass tubes. 
Although the decomposition rates of 1: 2-dichloroethane, 1:1: 2-trichloroethane, and 
1:1: 2: 2-tetrachloroethane are enormously increased by such additions, there is relatively no 
effect with the rest of the chlorinated ethanes. The mechanisms of these processes are of the 
radical-chain type. 


DuRING a comprehensive investigation of possible improvements in methods of manufacture of 
vinyl chloride (Barton, Ph.D. Thesis, London, 1942) it was felt desirable to examine the effect of 
various volatile substances on the rate of the thermal decomposition of 1 : 2-dichloroethane. 
Biltz and Kiippers (Ber., 1904, 37, 2398) had previously studied this reaction, without 
intentional addition of “‘ catalyst,’’ and, although they had obtained peculiar and irreproducible 
results, had been able to establish that the main products of the reaction were vinyl chloride and 
hydrogen chloride. It has now been found that highly purified 1 : 2-dichloroethane has its 
decomposition rate greatly increased by small amounts of oxygen or chlorine. The presence of 
the former element must be held responsible for the erratic results of the German authors. 

1: 2-Dichloroethane purified only by fractional distillation always contains ethylene 
chlorohydrin, for this substance is normally present in the technical material and forms an 
azeotrope with pure 1: 2-dichloroethane (Kaplan, Grishin, and Skvortsova, J. Gen. Chem. 
Russia, 1937, 7, 538). This ethylene chlorohydrin is, like other alcohols, an inhibitor of the 
oxygen-induced decomposition. Its presence explains the reproducibility which we obtained in 
initial experiments without intentional addition of ‘‘ catalyst ” as compared with the difficulties 
encountered by Biltz and Kiippers (loc. cit.). 


EXPERIMENTAL. 
Dehydrochlorination without Addition. 


Apparatus.—All reactions were studied by streaming the vapour of the chloro-compound under 
investigation at a constant rate through hard-glass combustion tubes of 1-1 cm. internal diameter unless 
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specified to the contrary. The tubes were 90 cm. in length of which 75 cm. were heated in an electric 
furnace inclined at a slight angle to the horizontal. The temperature of the reaction vessel was roughly 
uniform over a length of 60 cm. and all calculations of rate constants are based on this length. 
Temperatures were measured with a calibrated base-metal thermocouple placed 20 cm. from the exit end 
of the furnace. Preliminary experiments showed that there was little difference between temperatures 
measured inside or outside the vessel, and the latter alternative was chosen for all the experiments 
recorded in this paper. A clean reactor was employed for each of the series of experiments described 
below. Complete details of the apparatus and methods have been given by the author (loc. cit.). - 

Materials and Reaction Products.—(i) Ethyl chloride. Material purchased as ‘‘ pure for anzsthesia ”’ 
was employed, with a flow rate of 8-8 g./hr. Sole reaction products up to 550° were ethylene and 
hydrogen chloride. ‘ , ‘ 

(ii) 1: 1-Dichloroethane (ethylidene dichloride). This was prepared by treating paraldehyde with 
phosphorus pentachloride, and purified by shaking out with concentrated sulphuric acid or aqueous acid 
permanganate followed by fractional distillation; b. p. 58-0—58-7°. Flow rate, 45g./hr. Sole reaction 
products up to 500° were vinyl chloride and hydrogen chloride. 

(iii) 1: 2-Dichloroethane (ethylene dichloride). Purified by fractional distillation, this had b. p. 
83-5—83-7°. Flow rate, 27 g./hr. Up to 500° insignificant amounts of acetylene were formed and the 
sole reaction products were vinyl chloride and hydrogen chloride. 

(iv) 1:1: 2-Trichloroethane. This was prepared by addition of chlorine to vinyl chloride, antimony 
trichloride being used as catalyst, and purified by shaking out ten times with its own volume of water, 
followed by fractional distillation ; b. p. 113-0—113-5°. Flow rate, 31 g./hr. The sole reaction products 
up to 500° were cis- and trans-1 : 2-dichloroethylene, 1 : 1-dichloroethylene (vinylidene dichloride), and 
hydrogen chloride. The molar ratio of 1 : 1-dichloroethylene to cis- and trans-1 : 2-dichloroethylene 
was about 4:1: 1. 

(v) 1: 1:1: 2-Tetvachloroethane.—Prepared by addition of hydrogen chloride to trichloroethylene in 
the presence of aluminium trichloride (Prins, Rec. Trav. chim., 1926, 45, 80), and purified by shaking out 
with concentrated sulphuric acid followed by fractional distillation, this had b. p. 129-0°. Flow rate, 
. 39g./hr. Sole reaction products up to 450° were trichloroethylene and hydrogen chloride. 

(vi) 1: 1:2: 2-Tetrachloroethane (acetylene tetrachloride). Purified as for (v) above; b. p. 146—147°. 
Flow rate, 30 g./hr. The sole reaction products up to 400° were trichloroethylene and hydrogen chloride. 

(vii) Pentachloroethane.—Purified by shaking out with concentrated sulphuric acid followed by 
fractional distillation ina vacuum. Flow rate, 26 g./hr. The sole products up to 450° were perchloro- 
ethylene and hydrogen chloride. 

(viii) 1: 2-Dichloropropane (propylene dichloride). Purified by shaking out with concentrated 
sulphuric acid or with dilute sodium hydroxide solution followed by fractional distillation; b. p. 
96-5—96-6°. Flow rate, 32 g./hr. Up to 450° the sole reaction products were monochlorinated 


propenes (chiefly 1-chloro-) and hydrogen chloride in equivalent amounts, together with some allyl 
chloride. 


(ix) 2: 3-Dichlorobutane. Purified as for (iv) above; b. p. 116-0—116-7°. Flow rate, 42 g./hr. 

(x) 1-Chloroethylbenzene. A pure specimen was supplied by the Distillers Co. Ltd. Flow rate, 18 
g./hr. The sole reaction products up to 400° were styrene and hydrogen chloride. 

(xi) 2-Chloroethylbenzene. Prepared from 2-phenylethyl alcohol by treatment with thionyl chloride. 
Purified by shaking out 10 times with its own volume of water followed by fractional distillation in 
avacuum. Flow rate, are Reaction products up to 500° as for (x). 


Results.—In order to calculate first-order velocity constants in dynamic experiments it is necessary to 
know the contact times. Since, in all the dehydrochlorinations studied, one mol. of reactant gives rise to 
2 mols. of products, ¢, the average contact time, may be defined by 


1 AX36x 273, 1 
~ mn & 224 T(l + $0) 





where / = length of the reaction vessel in cm. (60 cm.), A = cross-sectional area of vessel (in c.c.), m = 
input of chloride in g.-mol./hr., T = temperature of vessel (in °K.), and a = “‘ degree of dissociation "’ of 
the chloride at the exit end of the furnace. 

First-order velocity constants can then be calculated by the equation k = (I/t)log, a/(a — x), where 
the symbols have the usual significance.» All k values in this paper are in terms of sec.* and have been 
calculated, unless specified to the contrary, on the assumption that the hydrogen chloride produced in the 
reaction is a mol. for mol. measure of the extent of the reaction. As will be seen from the results given 
above, this is experimentally justified. 

A series of experiments with 1 : 2-dichloroethane using, in this case only, a 1-5 cm. internal diameter 


Pyrex glass tube, at 570° gave a satisfactory first-order constant as will be seen from the following 
results : 


Flow rate, g. of C,H,Cl, per hr. ................4. 40 29 26 
Conversion of C,H,Cl, into C,H;Cl, % * 32 39 45 
‘ 10-9 16-2 19-6 21-2 
0-030 0-027 0-029 0-032 
* Calculated by direct observation of the volume of liquid vinyl chloride produced. 


The activation energy for the 1 : 2-dichloroethane decomposition was obtained in the usual manner 
by plotting log,» k, calculated as above, against the reciprocal of the absolute temperature (Fig. 1). In 
view of the fact that a very large — range was covered (250°) the straight-line plot obtained 
must be regarded as satisfactory. ta obtained for some of the other compounds studied are 
conveniently summarised in a similar way in Figs. 2, 3, and 4. 
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In the pyrolysis of organic compounds in clean-walled vessels it is often impossible to secure 
reproducibility. Results to be published in later Parts of this series show that this difficulty is also 
observed in the compounds investigated here when the decompositions are. studied by static means. 
In the present dynamic experiments, where all results were obtained in a given vessel within a few days 
and where the measurements were not very precise, such effects were not noted. 
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The results are conveniently summarised in terms of the appropriate first-order rate equation 
k = Be-£a/RT as shown in Table I. 
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paratus employed was as indicated above but with suitable modification to admit “ catalyst ’’ 
bitor vapours. When necessary a slow carrier stream of nitrogen was used for this purpose. 
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Compound. 
Ethyl chloride ° Pentachloroethane ... 
1: 1-Dichloroethane ... 5:- 1 : 2-Dichloropropane 
1 : 2-Dichloroethane ... 1- 2 : 3-Dichlorobutane : 50,400 
1:1: 2-Trichloroethane 5-50 x 10° 2-Chloroethylbenzene 1-00 x 108 32,300 


In every case the percentage conversion was determined by titration of the hydrogen chloride produced. 
The accuracy of this simple technique follows from the experiments above and it was further checked in 
appropriate places. 

Preliminary experiments on the effect of adding various substances, in a concentration of 0-5% by 
weight, to 1: 2-dichloroethane before passage through the furnace indicated that halogenating and 
oxidising agents might prove of interest for inducing the decomposition. Experiments with oxygen 
itself were initially irreproducible until it was realised that the past history of the 1: 9-dichloroethane 
was of great importance. This compound had always been purified from the technical material by 
fractional distillation, and there was only slight indication of an oxygen-induced reaction when it was 
passed through the reaction vessel. However, 1 : 2-dichloroethane recovered from such experiments 
and purified by further fractional distillation showed quite different reactivity, a marked decomposition 
being induced by the addition of oxygen. This suggested that an “ inhibitor ’’ was removed during the 
first passage of the 1 : 2-dichloroethane—-oxygen mixture, which suggestion was, indeed, confirmed by 
experiments summarised in Table II. These experiments refer to a reactor temperature of 350° and a 
flow rate of 39 g. of 1 : 2-dichloroethane per hour mixed with 0-5% by weight of oxygen. Without the 
addition of oxygen no reaction could be detected. 


TaBLe II. 
Conversion into CH,:CHCl, %. 
Method of = A . 
purification of Fract. I, Fract. II, Fract. III, Fract. IV, 
technical b. p. -?p. b. p. b. p. Before 
CH,Cl-CH,Cl.* <83-5°. 83-5—83-6°. 83-6—83-7°. “7. fractionation. 
A 50 15 
48 15 
51 18 
— 16 
54 1 








53 10¢ 


* Methods of purification: (A) Refluxed with excess of alkaline KMnQ,, steam-distilled, dried 
(CaCl,), and fractionated. (B) Refluxed with excess of aqueous CrO,; steam-distilled, dried (CaCl,), 
and fractionated. (C) Shaken for 12 hours with its own vol. of 2N-NaOH, washed, dried (CaCl,), and 
fractionated. (D) Shaken with one-half its own.vol. of conc. H,SO,, washed, dried (CaCl,), and frac- 
tionated. (E) Shaken ten times with its own vol. of water, dried (CaCl), and fractionated. (F) Purified 
by fractional distillation (b. p. 83-5—83-7°); treated as in (A), above. 

+ Before treatment with alkaline KMnQ,. 


Oxygen-induced Decomposition of 1 : 2-Dichloroethane.—In the experiments described below a flow-rate 
of 39 g. of 1 : 2-dichloroethane per hour, a reaction temperature of 350°, and an oxygen concentration of 
0-5% by weight were — unless specified to the contrary. In general, 1 : 2-dichloroethane 
purified as in Table II was used. 

(a) Inhibitors of the reaction. The results recorded in Table II suggested that the inhibitor in the 
main | : 2-dichloroethane fractions a analcohol. It was identified as ethylene chlorohydrin 
from the chloride-ion concentration produced on shaking the fractionated 1 : 2-dichloroethane with dilute 
sodium hydroxide solution, and from the determination by Deckert’s reagent of the ethylene oxide thus 
produced (Deckert, Z. anal. Chem., 1930, 82, 297; 1937, 109, 166; see also Lubatti, J. Soc. Chem. Ind., 
1932, 51, 361; 1935, 54,424; Kerckov, Z. anal. Chem., 1937, 108, 249). The chloride-ion concentration 
was equivalent to 0-27% by weight of ethylene chlorohydrin, a figure which was in agreement with that 
(0-27%) obtained by determination of the ethylene oxide. The inhibitors in the first runnings were 
probably aliphatic hydrocarbons, including a major proportion of olefinic hydrocarbons, and in the still 
residues probably saturated hydrocarbons. 

Chlorinated hydrocarbons may also have been present as is shown by the experiments with various 
inhibitors recorded in Table III. The qualitative nomenclature in this table is as follows: strong 
inhibitors (s) completely suppressed the reaction at 0-1—0-01% concentration by weight, medium 
inhibitors (m) reduced the rate to about one-fifth of its usual value over the same concentration range, 
and weak inhibitors (w) behaved in a similar manner to ethylene chlorohydrin (see above); lack of 
inhibiting action is indicated by 0. 

(b) Effect of packing the reaction vessel. Packing the vessel with glass scrap to only four times the 
— area caused almost complete suppression of the reaction. This is illustrated by the following 

ta : 

Reaction vessel (1-1 cm. P " 

internal diam.). 1 : 2-Dichloroethane. Without packing. With packing. 
Combustion tubing As in table on p. 149 before 10 0 
complete purification 
Partly freed from inhibitors 42 2 


Conversion, %. 
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TaBLe III. 
Inhibitors. Inhibiting: action. Inhibitors. Inhibiting action. 
(Water.) 


Hydrocarbons. Alcohols. 
Ethylene 


n-Propyl 
isoPropyl 


cycloHexene Aldehydes. 


Acetaldehyde 
Ketones. Crotonaldehyde 
Methyl ethyl 


cycloHexanone Nitrogenous bases. 


Diethylamine 
Anilin 


Acids and derivatives. Chlorinated aliphatic hydrocarbons. 
Acetic acid 1 : 1-Dichloroethane 
2 : 3-Dichlorobutane 
n-Amyl chloride 


(c) The effect of varying oxygen concentration. Smaller concentrations of oxygen than 0:5% by 


weight gave smaller values for percentage conversions. Higher concentrations of oxygen also led to a 
falling off in reaction rate. The results are summarised in Fig. 5. 
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o With oxygen. 

x With chlorine. 
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Temperature. 


(d) Variation of percentage conversion with temperature. 
1 ; 2-dichloroethane was not quite so pure as that employed in previous experiments and gave only 37% 
conversion at 350°. 

(e) Variation of percentage conversion with vessel diameter. 


The results are summarised in Fig. 6. The 


that the 


constant linear streaming velocity of 1 : 2-dichloroethane, higher percen 
obtained with wide than with narrow vessels. This view is confirmed by the data below, which relate to 
vessels of Pyrex glass. 


Since it has been shown under (b) above 
of the vessel have a pronounced chain-breaking effect, it would be expected that, for a 


tage conversions should be 


Reaction vessel. 


P . Flow rate/cross- 
Internal i sectional area, 
diam., cm. . cm. ./br. g. hr.-? cm.". Conversion, %. 
0-90 : 40 28 
1-10 ; 4l 46 
1-40 . 42 50 
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Chlorine-induced Decomposition of 1 : 2-Dichloroethane.—In all the experiments described below a 
flow rate of 39 g. of 1 : 2-dichloroethane per hour, a temperature of 350°, and a chlorine concentration of 
05% by weight were employed unless specified to the contrary. All results are corrected for the 
hydrogen chloride produced from the added chlorine itself. 1 : 2-Dichloroethane purified as in Table II 
was used unless stated otherwise. 

(a) The effect of varying chlorine concentration. The experiments are summarised in Fig. 7. In 
—- with the oxygen-induced decomposition chlorine is effective at much lower concentrations. 

(b) Variation of reaction vate with contact time. The results are summarised in Table IV. On 
calculation of first-order velocity constants a fairly satisfactory result was obtained for dynamic 
experiments of this type. 

TABLE IV. 


Flow rate, g. C,H,Cl,/hr. ...... 22 25 26 30 42 
Conversion, % 64 62 61 60 53 43 26 
Contact time, secs. 17-2 15-4 14-8 12-8 9-3 7-4 5-6 
k, sec. 0-059 0-063 0-064 0-072 0-081 0-076 0-054 


(c) Variation of percentage conversion with temperature. Results in these experiments are summarised 
in Fig. 8 in the form of a logy. k-1/T plot, where & is the first-order velocity constant in sec.-1. From the 
slope the apparent activation energy is 12,200 cals. A comparative plot is also given in Fig. 6 of 
percentage conversion against temperature. 
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_ (a) Effect of packing the reaction vessel. As with the oxygen-induced reaction, packing of the vessel, 

in this case to give only twice the surface area, caused a remarkable inhibition of the reaction. This is 

shown by the data below (a flow rate of 32 g. /hr. of only partly purified 1 : 2-dichloroethane was used) : 

Conversions, %. Conversions, %. 

Vessel temp. Unpacked vessel. Packed vessel. Vessel temp. Unpacked vessel, Packed vessel. 

310° 21 1 350° 36 12 


(e) Variation of percentage conversion with diameter of vessel. It would be anticipated, in view of the 
experiments with packed vessels, that similar results would be obtained on varying the diameter of the 
vessel, with constant linear streaming velocity, as with the oxygen-induced reactions. The data in 
Table V show that this was, indeed, the case, soft-glass reactors being used. 








TABLE V. 
Reaction vessel. 





paling, Flow rate/cross- 
Cross-sectional Flow rate, sectional area, 


Conversion, %. 


58 
55 
52 
49 


(f) Comparison of chlorine with other halogens. The results obtained with 1 : 2-dichloroethane which 
had not been completely freed from inhibitors (flow rate, 32 g./hr.) are summarised below (M = mol. wt. 
of halogen). The almost complete inertness of iodine will be noted. 


Conversion, %. Conversion (%) x M/1000. 
44 3-1 

33 53 

1 0-2 
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The Effect of Oxygen and Chlorine in inducing the Decomposition of Other Chlorinated Hydrocarbons.— 
The inducing action of oxygen and chlorine is by no means universal in the chlorinated ethane series, and 
the remarkable enhancement of reaction rates seen with 1 : 2-dichloroethane has been observed only 
with 1:1: 2-trichloro- and 1:1: 2: 2-tetrachloro-ethane amongst other chlorinated ethanes. Fig. 6 
summarises the position with regard to 1: 2-dichlorethane, and Fig. 9 shows the corresponding 
conversion-temperature relationship for 1:1: 2-trichloroethane. Pentachloroethane is a_ typical 
example (Fig. 10) of a substance whose decomposition rate is scarcely influenced by the addition of 
oxygen. 

"The possibility arises that the differences in reactivity observed with the chlorinated ethanes may be 
due to inhibitors (compare the experiments with 1 : 2-dichloroethane recorded above), but all reasonable 
precautions were taken to eliminate such contaminants. A special test case was made with 
1 : 1-dichloroethane, which was purified repeatedly with concentrated sulphuric acid, sodium hydroxide 
solution, and alkaline permanganate without altering in any way its decomposition rate in the presence of 
oxygen. 

- comparison of the behaviour of the I- and 2-chloroethylbenzene was of some theoretical interest. 
Whilst the decomposition rate of the former isomer was not altered by the addition of oxygen, that of the 
other was increased over the higher temperature range, as shown in Fig. 11. 


Fic. 9. Fic. 10. Fie. 11. 
e No addition. 


o With oxygen. e No addition. ” 
x With chlorine. 0 | © No addition. 
8 o With oxygen. 
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DISCUSSION. 


The oxygen-induced decomposition of 1 : 2-dichloroethane must be of the radical-chain type. 
This is shown by the great increase in rate caused by only small additions of oxygen and by the 
extreme susceptibility of the induced reaction to inhibitors. The reaction chains must be 
broken at the walls, as is demonstrated by the inhibition observed on packing the reactor and by 
the increase in reaction rate noted as the diameter of the reactor is increased whilst preserving a 
constant contact time (compare Semenoff, ‘‘ Chemical Kinetics and Chain Reactions ”’, Oxford 
Univ. Press, 1935, pp. 462 et seg.). The same conclusion must be reached with regard to the 
chlorine-induced reaction, where extremely small amounts of chlorine cause a marked increase in 
reaction rate and where a similar inhibition is produced by packing the reaction vessel or by 
reducing its diameter. 

It has not, as yet, been ascertained whether the other induced decompositions show the same 
experimental criteria of radical-chain reactions, but it seems highly probable that this will prove 
to be the case. With regard to chlorinated hydrocarbons other than derivatives of ethane, the 
position is doubtless complicated by the possibility of part of the substrate molecule itself acting 
as an inhibitor for the chain type of reaction. Extensive inhibition studies have not been made 
with chlorine-induced reactions, but for the oxygen-induced decomposition of 1 : 2-dichloro- 
ethane all aliphatic and alicyclic hydrocarbons are strong inhibitors. It is understandable, 


therefore, that the pyrolysis of, say, m-amy]l chloride is not influenced by the addition of oxygen 
(Barton, Joc. cit.). 


It should be pointed out that the relationship between the iodine-catalysed decomposition 
of organic substances discovered by Hinshelwood and his collaborators (see Hinshelwood, 
** Kinetics of Chemical Change ’”’, Oxford Univ. Press, 1940, p. 243) and the halogen-induced 
reactions reported here is only superficial. The efficiency of iodine over chlorine and bromine in 
inducing the decomposition of, e.g., acetaldehyde is due to its ease of dissociation into the atomic 
form, but with, e.g., 1: 2-dichloroethane, iodine is almost without effect and chlorine and 
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bromine are much superior. Nevertheless, the halogen-induced reactions of chlorinated 
hydrocarbons may still proceed by a mechanism involving chlorine atoms. 
The detailed mechanism of these chain reactions will be discussed in a further communication. 


This work was carried out during 1940 and 1941 in the Department of Organic Chemistry, Imperial 
College, under the supervision of Professor Sir Ian Heilbron, D.S.O., F.R.S., to whom I wish to express 
my grateful thanks. I am also indebted to Drs. M. Mugdan and H. M. Stanley, of the Distillers’ 
Company, for much helpful advice and criticism and to the Directors of that Company for financial 
assistance and permission to publish this paper. The industrial application of the results recorded is 
covered by B.PP. 573,532 and 573,559. 


[Received, April 13th, 1948.] 





36. The Kinetics of the Dehydrochlorination of Substituted Hydro- 
carbons. Part II. The Mechanism of the Thermal Decomposition of 
1 : 2-Dichloroethane. 


_ By D. H. R. Barton and K. E. How tert. 


1: 2-Dichloroethane decomposes in the temperature range 362—485° by a nearl 
homogeneous, first-order reaction to give vinyl chloride and hydrogen chloride. Only small 
quantities of acetylene are formed which, for practical purposes, may be neglected. The 
activation energy of the reaction is 47 kcals. and the rate equation is k = 6-4 x 10%e~47,000/R7. 
There is no falling off in rate constant over the initial pressure range of 20—200 mm. 

Propylene is a powerful inhibitor for the decomposition, the inhibited reaction remaining of 
the first order. e inhibited rate constant is governed by the initial pressure of propylene but 
is independent of the 1 : 2-dichloroethane pressure. In both these respects the edbnelour of 
the propylene is different from that observed when it is allowed to inhibit the chain 
decompositions of other organic substances not containing chlorine. The maximally inhibited 
reaction has practically the same activation energy as the uninhibited reaction and follows the 
rate equation k = 6-3 x 10%~46,000/RT, This residual reaction is partly heterogeneous in 
character. m-Hexane resembles propylene in its inhibiting action on the decomposition, but 
ethylene is relatively without effect. 

The 1 : 2-dichloroethane decomposition shows a fairly reproducible induction period which, 
when treated as a rate, gives an activation energy of 78 + 10 kcals. This may correspond to the 
initial rupture of the molecule in a chain sequence. 


These facts lead to a very probable radical-chain mechanism for the 1 : 2-dichloroethane 
decomposition involving chlorine atoms and 1: 2-dichloroethyl radicals. The calculated 
activation energy (48 kcals.) is in close agreement with observation. From the postulated 
mechanism it is possible to compute chain lengths and to reconcile quantitatively the propylene 
inhibition curves with experiment. The activation energy of the chain-terminating step with 
propylene is about 7-5 kcals., and the non-exponential term of the rate equation for this step is 
close to the normal value for a bimolecular reaction. 


In Part I (preceding paper) the influence of traces of oxygen or chlorine on the rates of thermal 
decomposition of a number of chlorinated hydrocarbons was briefly reported. Before 
proceeding to a systematic study of the mechanisms involved in the induced reactions which we 
have discovered in the course of this work, it is clearly essential to gain some insight into the 
modes of thermal decomposition of chlorinated hydrocarbons without addition of any catalysing 
agent. In view of the industrial importance of the 1: 2-dichloroethane pyrolysis in the 
manufacture of vinyl chloride, we have selected this compound before others for our first study. 

The literature on the physicochemical aspects of gas-phase thermal dehydrochlorination is 
extremely scanty. The work of Biltz and Kiippers (Ber., 1904, 37, 2398), mentioned in the 
preceding paper, is of no importance in this connection when judged by present-day standards. 
The only reliable pertinent work is that of Brearly, Kistiakowsky, and Stauffer (J. Amer. Chem. 
Soc., 1936, 58, 43), who studied the thermal decompositions of tert.-butyl and ¢ert.-amy] chlorides. 
These reactions proved to be mainly homogeneous and of the first order. Since no tests were 
applied for radical chains, the American authors’ conclusion that these decompositions are 
unimolecular, although probable, is not proven. 

It should be pointed out that the results recorded below were obtained by a static method 
with reaction vessels whose walls had been coated with carbonaceous films. They are not 
strictly comparable, therefore, with the data reported in the preceding paper, which refer to 
dynamic experiments in clean-walled vessels. 


EXPERIMENTAL. 


Purification of 1 : 2-Dichloroethane.—In view of the known sensitivity of a number of chlorinated 
hydrocarbon decompositions to trace contaminants (Barton, Nature, 1946, 157, 626), special care has been 
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taken to ensure the purity of the reagents in this and the following work. The procedure detailed below 
illustrates the general case. The chlorinated hydrocarbon was shaken out thoroughly with concentrated 
sulphuric acid until no further colour developed, washed with sodium hydrogen carbonate solution and 
then with water, dried (CaCl,), and efficiently fractionated. The final purification was accomplished by 
several fractional crystallisations, the f. p. and especially the f.-p. range (finally constant to within 0-1°) 
indicating the purity of the compound. In each crystallisation only half the liquid was frozen, the 
residue being poured off. The following constants were recorded for 1: 2-dichloroethane and are 
compared with the mean of the best literature values (in parentheses). B. p. 83-5° corr. (mean 83-5° 
corr.; 83-50°, Timmermans and Martin, J. Chim. physique, 1928, 25, 420; 83-48°, Smith and Matheson, 
J. Res. Nat. Bur. Stand., 1938, 20, 641). 

F. p. (sulphur dioxide vapour-pressure thermometer) —35-5° (mean —35-5°; —35-5°, Timmermans 
and Martin, loc. cit.; —35-5°, Michel, Bull. Soc. chim. Belg., 1939, 48, 105). 

d35° 1-2480 (mean 1-2457, interpolated; d}§° 1-2600, Timmermans and Martin, loc. cit.; d20° 1-2521, 
Briihl, Annalen, 1880, 208, 10; 1-2529, Gotz, Z. physikal. Chem., 1920, 94,193; 432° 1-2383, Timmermans 
and Martin, loc. cit.; 1+2383, Gotz, loc. cit.). 
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ni? 1-4450 (mean 1-4453, interpolated; mj%° 1-4476, Timmermans and Martin, loc. cit.; 20” 1-4443, 
Briihl, loc. cit.; 1-4444, Weegmann, Z. phystkal. Chem., 1888, 2, 231; 1-4448; Smyth, Dornte, and 
Wilson, J. Amer. Chem. Soc., 1931, 58, 4242; n#f* 1-4418, Schwers, Bull. Acad. Belg., 1912, 623). 

The purified 1 : 2-dichloroethane was transferred to traps attached to the apparatus (see below) by 
distillation in a current of oxygen-free nitrogen and also by distillation in a vacuum. Before use the 
1 : 2-dichloroethane was very thoroughly out-gassed. The traps were surrounded by liquid nitrogen or 
solid carbon dioxide-alcohol baths except when the 1 : 2-dichloroethane vapour was being admitted to 
the reaction vessel. 

Appavatus.—The glass apparatus used for studying the 1: 2-dichloroethane decomposition was 
constructed throughout in Pyrex. It is illustrated diagrammatically in Fig. 1. 

The reaction vessel, a tube approximately 75 cm. long and 1-5 cm. in diameter, was completely 
enclosed in an outer jacket containing the vapour of boiling mercury or sulphur. Measurement of the 
pressure of nitrogen admitted into the outer jacket indicated the temperature of the refluxing a 
and hence that of the reactor. The Ne spr, ev curve for mercury was taken from I.C.T. (Vol. 3, 
p. 206) and that for sulphur from West and Menzies (J. Physical Chem., 1929, 38, 1880). Preliminary 
— with a calibrated thermometer confirmed that this method of temperature measurement was 
satisfactory. 

In operation, the current through the electric furnace windings was adjusted so as to maintain alone a 
temperature lower than that desired. Gas-heating to boil the thermostatic liquid was used as control. 
Initial work on the efficiency of the furnace showed that any desired temperature could be kept constant 
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almost indefinitely to within 4°. On admission of 1 atm. of 1 : 2-dichloroethane vapour to the vessel at 
350°, a thermometer suspended in it showed a fall of only 1°, and this was restored in less than a minute. 
Further confirmation of the almost immediate assumption of vessel temperature by entering vapour was 
provided by the constant pressure observed within a few seconds of closing the stopcock from reservoir to 
reaction vessel, the temperature being low enough for the rate of reactant decomposition to be very slow. 

Pressure changes in the reaction vessel were followed in an initial apparatus by a capillary mercury 
manometer, but condensation difficulties and possible contamination from mercury vapour led us to 
modify the method of pressure measurement. An all-glass spoon-gauge manometer with external 
resistance wire heating (to about 100°) was found satisfactory and is illustrated in Fig.1. The volume of 
the _—— and its capillary connection was less than 3% of the volume of the reaction vessel. 

raps were provided external to the vessel for storage of reactants, “‘ catalysts ’’, and inhibitors and 
for condensation of the vessel contents before analysis. As stopcock lubricant where hot reactants or 
products were present, silicone high-vacuum grease was employed. 

With this system, even after repeated evacuation and rinsing out, consistent results could not be 
obtained, the reaction rate (measured by the pressure increase) slowly falling as the experiments were 
repeated. This type of effect is well known in the study of organic pyrolyses (compare Daniels and 
Veltman, J. Chem. Physics, 1939, 7, 756) and was observed by Brearly, Kistiakowsky, and Stauffer 
(loc. cit.) in their experiments. It is due to the slow deposition of a carbonaceous film on the glass 
surface. But whereas the latter authors report that ten experiments were sufficient to coat the vessel 
walls, we found that, using 1 : 2-dichloroethane at 350—400°, more than 100 runs were required before 
the results became reproducible. A more rapid method of coating the walls was found to be 
co-decomposition of 1 : 2-dichloroethane and propylene or ethylene, but after such treatment the 
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inhibiting effects of the two gases, especially the propylene, on subsequent decompositions of 
1 : 2-dichloroethane alone were noticeable for mafiy runs. The admission of air to the coated-wall 
vessel, as would be expected, greatly increased the rate of decomposition of 1 : 2-dichloroethane in 
subsequent runs, but the effect was not permanent, being exhausted in the course of a few experiments. 
Brearly, Kistiakowsky, and Stauffer (loc. cit.) report that too thorough evacuation also destroys the 
usefulness of the deposited carbonaceous film. In our investigation an oil pump has been employed to 
evacuate to approximately 10-* mm. between runs. 


Results. 


In order to establish the validity of pressure measurements as indicating the course of 
reaction, a series of analyses on condensed reaction products was carried out at various temperatures and 
various percentage conversions. The products were analysed for hydrogen chloride, and in some cases 
for acetylene, using Ilosvay’s test as applied by Willstatter and Maschmann (Ber., 1920, 58, 939). 

Determinations of hydrogen chloride indicated a close correspondence between pressure increase and 
hydrogen chloride formation. This is illustrated by Fig. 2, where the line is drawn at the theoretical 
ve of 45°. That the stoicheiometry of the reaction is closely represented by the equation 
CH,Cl-CH,Cl —> CH,:CHClI + HCl was proved by the above experiments combined with determinations 
(see Table I) which showed that the amount of acetylene formed was, for practical purposes, negligible 
within the temperature range employed. This shows that the ‘further reaction CH,-CHCl—>» 
Part] (pe HCl may eee a conclusion in agreement with the dynamic experiments reported in 
Part I (preceding paper). . 

A further check on the —_ stoicheiometry of the reaction was provided by a series of long-term 
experiments (see Table II) in which the was allowed to approach completion. In each case the 
pressure finally attained was close to double the initial pressure. 
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TaBLeE I. 
Initial HCI calc. from 
Time of reaction, C,H,Cl,, pressure change, C,H, found, 
Temp. mins. mols. x 10°. mols. x 10°. mols. x 10-*. 
437° 55 318 163 9 
444 * 23 134 55 5 
444 * 29 139 69 6 
444 * 28 168 82 6 
461 60 300 272 ll 
461 60 322 292 11 
461 60 328 297 16 
485 12 350 256 7 
485 12 347 254 12 


* Runs in packed vessel. 


TaBLeE II. ; 

Initial Final Initial Final 

press., Time, press., press., Time, press., 
Temp, 7;,mm. hrs. fo mm. = pe / Ph. Temp. ;,mm. hrs. Po mm  pe/Pi. 
357° * 89-5 69 179-5 2-00 424° 65-5 17 136 2-08 
359 * 48:5 38 98 2-02 437 49-5 16 105 2-12 
368 * 60 18 118 1-97 437 61 133 108 2-12 
371 * 54-5 17 108 1-98 437 51 17 108 2-12 
371 * 74 18 144 1-95 437 89-5 17 189-5 2-12 
375 * 37 16 73-5 1-99 437 115 17 232-5 2-02 
377 * 83 18 162-5 1-96 437 121 17 245 2-02 
400 * 68 21 134 1-97 446 24 17 53-5 2-23 
400 * 73-5 20 146 1-98 461 38 17 86 2-26 
ym = 16 67 2-09 470 47 17 101 2-15 

17 126 2-10 


* Experiments using only partially coated walls. 
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With these facts established, the decomposition was studied over the temperature range 362—485°, 
initial pressures of 1 : 2-dichloroethane of 20—200 mm. being used. At all pressures and temperatures 
the reaction was found to be of first order up to at least half-decomposition. All velocity constants in 
this and the following papers of the series were determined by plotting log,, a/(a — x) against ¢, where 
the symbols have the usual significance. Some typical examples of the results thus obtained for - 
1 : 2-dichloroethane are illustrated in Fig. 3. Over the initial pressure range investigated there was no 
falling off in velocity constant (see Table III), though there was better adherence to first-order kinetics 
beyond the half-decomposition point at the lower pressures. 

The latter observation suggested a slight inhibitory effect from the products of the reaction. This 
was confirmed by the iments shown in Table IV, where a certain initial pressure of 1 : 2-dichloro- 
ethane was taken to decomposition, and then more | : 2-dichlorethane admitted and the velocity 
constant again determined. 
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TABLE III. 
Initial k x 10, Initial k x 105, Initial k x 105, Initial k x 10°, 
press.,mm. _sec.~?. press., mm. sec.~}, press., mm. sec.“?. press., mm. sec." 
Temp. 437°. Temp. 470°. Temp. 485°. 
t m _) i — 
20 30-6 70 2~°6 20 102 20 182 
35 30-6 75 23-0 25 118 20 197 
50 23-6 90 29-2 40 100 40 187 
50 26-6 95 28-1 60 125 45 182 
60 25-2 110 20-4 120 101 50 182 
60 25-5 160 23-8 60 192 
120 168 
; 120 173 
TABLE IV. 
First vel. Second First vel. Second 
const., vel. const., const., vel. const., 
k, xX 105, ky x 10, ky xX 10, kh, x 105. 
Temp. ~;.* 2.* sec.~?, sec, k,/k,. Temp. );.* ,.* sec.~?, sec.1, kg/k;. 
424° 25 80 14-7 14-6 0-99 448° 45 40 44-8 41-3 0-92 
424 50 90 14-8 14-2 0-95 448 40 70 43-5 44-3 1-02 
424 50 85 12-6 12-9 1-02 448 45 50 43-6 43-0 0-99 
448 45 40 41-5 37-4 0-90 450 25 50 45-0 43-0 0-95 
448 40 40 37-4 34-8 0-93 


* Pressures of 1 : 2-dichloroethane admitted (in mm.). 


The reproducibility attained with 1 : 2-dichloroethane was only fair, as will be seen from the specimen 
results in Tables III and IV. In order to obtain reliable average velocity constants numerous runs were 
made at each temperature over a wide temperature range. e accuracy of the final averages of the 
measurements will be seen from Table V. e Arrhenius plot of log, & against 1/T (see Fig. 4) gave a 

ood straight line from the slope of which a value of 47 kcals. was obtained by the method of least squares 
- the activation energy of the reaction. The relevant rate equation can be expressed by 
k = 6-4 X 10%e~47,000/RT, 


TABLE V. 
Mean vel., Mean error (x 105) Mean vel., Mean error (x 105) 
No. of _const., sec.-4 of mean No. of const., sec.-1 of mean 
Temp. runs. (x 10). vel. const.* Temp. runs. (x 105). vel. const.* 
362° 1 0-40 — 448° 24 39-0 ‘ +08 
400 3 3-62 +0-02 461 18 64-8 +0°8 
424 10 13-9 +01 470 ~=10 101 2-3 
437 26 25-2 +0-14 485 12 184 +2°3 


446 9 34-1 +0°6 
* Calculated from the formula ¢ = +VZA*/n(m — 1). 


In all runs with 1 : 2-dichloroethane at sufficiently low temperatures there was a marked induction 
period which showed moderate reproducibility. It is illustrated by the first-order plots given in Fig. 5, 
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where the straight line does not cut the time axis at the zero point. Since these induction i varied 
ina manner with temperature, they can be treated as representing a rate. In 1G Olga 
where J is the induction period, is plotted against 1/T and gives a rough straight line. From this plot the 


activation energy of the process can be evaluated as 78 + 10 kcals. 
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The inhibiting effect of small amounts of ry yom or nitric oxide has become recognised as a 
characteristic test for radical-chain reactions. At all temperatures investigated (437—480°) Ly heed 
diminished the rate of decomposition of 1 : 2-dichloroethane to a limiting rate, independent of further 
increase in propylene pressure. This limiting figure was reached with a surprisingly low propylene 
concentration as may be seen from Figs. 7, 8, and 9 (at temperatures of 437°, 457°, and 480° respectively) 
showing the inhibition curves observed. 
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The inhibited decompositions were still first-order reactions, and the effect of a given quantity of 
aw was found to be independent of the 1 : 2-dichloroethane pressure ; i.e., the decomposition rate 

f 1: 2-dichloroethane is dependent on the absolute uy of propylene present, not on the 

1 : 2-dichloroethane/propylene ratio. This is similar to the effect of nitric oxide on the diethyl ether 
decomposition (Smith and Hinshelwood, Proc. Roy. Soc., 1942, A, 180, 237). The inhibitor gave no 
indication of being consumed during reaction; ¢.g., with 0-1 mm. of propylene and 50 mm. of 
1 : 2-dichloroethane the reaction followed first-order kinetics to beyond half-decomposition. 

Considering the maximally inhibited reaction, a plot of log,, 4 against 1/7, as shown in Fig. 10, gives 
a straight line from which an activation energy of 46 kcals. may be calculated. The appropriate rate 
equation is k = 6-3 x 10% ~46,000/RT, 

The effects of n-hexane and of ethylene in inhibiting the 1 : 2-dichloroethane decomposition have also 
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been studied, the results being illustrated in Fig. 11. Both sets of hydrocarbon-inhibited experiments 
showed first-order kinetics. The behaviour of n-hexane was clearly similar to that of propylene and gave 
the same maximally inhibited rate, but the inhibiting action of ethylene was relatively slight and the 
experiments were not nearly so reproducible. With both inhibitors the rate was independent of the 
1 : 2-dichloroethane pressure, and dependent only on the inhibitor pressure—behaviour identical with 
that shown by propylene. 

In order to establish the homogeneity of the 1 : 2-dichloroethane ote oY mae a reaction vessel 
identical with that used above was packed with glass tubing to give a three-fold increase in surface and a 
five-fold increase in the surface : volume ratio. It was coated in the same way as the empty reaction 
vessel in order to secure reproducible results. The rate of decomposition in this vessel was slightly 

eater than in the empty one, but otherwise identical in all respects. A plot of log, & against 1/T 
(Fig. 4) gave exactly the same activation energy as the reaction in the empty vessel and followed the rate 
equation k = 7-5 x 10%e~47,000/RT, There was, therefore, an 18% increase in reaction velocity. The 
errors in the measurements are indicated below : 

Mean vel. Mean error of Mean vel. Mean error of 
No. of const., sec. the mean vel. No. of const., sec.-! the mean vel. 
Temp. runs. (x 105). const. (x 105).* Temp. runs. (x 105). const. (x 105).* 
2-4 448° 7 +2-0 
460 11 +2°5 
464 6 +3 


* Calculated from the formula o = + VEA®/n(n — 1). 


The addition of propylene to 1 : 2-dichloroethane in the packed vessel gave a maximally inhibited 
rate which was ay twice that found in the empty vessel. Thus at 443-5° in the packed 
vessel the maximally inhibited rate was 5-0 x 10°. The interpolated figure at this temperature for the 
empty vessel is 2-9 x 10°. Packing thus increases the inhibited reaction by 75% whereas the normal 
reaction is only increased by 18%, from 30 x 10% to 35 x 10°. 

A few experiments were made to ascertain the effect of nitrogen on the decomposition. Commercial 
“‘ oxygen-free ’’ nitrogen caused a great increase in rate owing to the presence of residual traces of 
oxygen, but, after these had been removed by contact with molten sodium for many hours, the nitrogen 
was found to exert a slight inhibiting effect, as shown below for experiments at 446°. The reactions 
showed good first-order kinetics at all nitrogen concentrations. 

Press. of CH,Cl-CH,Cl, mm. . 50 25 100 50 60 40 
PM a UNS. Siscvscsonscavernssibewcten 20 20 100 60 80 160 
35-6 33-0 38-1 35-8 34-1 30-0 

DISCUSSION. 

The first point that must be established with regard to the experiments now recorded is that 
we have, indeed, been studying the non-induced decomposition of 1 : 2-dichloroethane and not 
a reaction caused by adventitious traces of oxygen (see preceding paper). The following 
are our reasons for rejecting such a hypothesis. First, although the reproducibility of individual 
runs was not completely satisfactory, the reproducibility of the average of a number of 
experiments was in good agreement for differently treated samples of 1 : 2-dichloroethane in 
different apparatus (of the same design) overa period of many months. Secondly, since oxygen 
is consumed in the induced decomposition, it would be anticipated that traces of oxygen would 
lead to reactions showing fast initial rates falling off rapidly to the true rate, whereas such 
behaviour has not been noted. Thirdly, it would be generally expected that the activation 
energy of the oxygen-induced reaction would be considerably less than that observed for 
comparable compounds not decomposing by a chain mechanism (see following paper). Fourthly, 
the most powerful argument of all, the oxygen-induced reaction is very strongly retarded by 
packing the vessel (see preceding paper), whereas in the experiments reported here such packing 
leads to a slight increase in rate. 

The inhibiting properties of small amounts of propylene and n-hexane show that the 
decomposition must proceed by a radical-chain mechanism. This view is strongly supported by 
the temperature-dependent induction periods observed at the lower part of the temperature 
range employed. These induction periods of high activation energy (78 + 10 kcals.) may be 
reconciled with that of the primary process in the chain. As primary steps the following deserve 
consideration : 


(A) CH,CLCH,C] —“> C,H, + Cl, = 72 keals. 
followed by Cl, + C;H,Cl —“> HCl + Cl + CHCICH,CI 

(B) CH,CLCH,Cl —“> 2CH,Cl = 85 kcals. 

(C) CH,clcH,c1 —“> CH,CLCH, + Cl 80 kcals. 


(D) CH,CI-CH,cl] —“y CH,ClCHCI + H = 97 kcals. 
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The required activation energies given for these processes have been computed as follows : 

(A) Sherman, Quimby, and Sutherland (J. Chem. Physics, 1936, 4, 732) calculated by the 
semi-empirical method that the activation energy for the addition of chlorine to ethylene was 
about 25 kcals. We have recalculated this constant using modern bond energies (see Appendix) 
and find it to be 28°7 kcals. Adding this to the exothermicity of the reaction, 43°7 kcals. 
(determined by direct measurement by Conn, Kistiakowsky, and Smith, J. Amer. Chem. Soc., 
1938, 60, 2764), we obtain 72°4 kcals. for the required activation energy of the reverse step. 

(B), (C), (D). These were calculated from the appropriate bond-energy values (see Appendix) 
on the very reasonable and customary assumptions that the reverse reactions do not require 
activation energy. Since these three primary steps demand considerably more activation 
energy than step (A), the latter is probably the correct one.* It leads to the radical-chain 
scheme below. , 


(i) CH,CICH,Cl —*> C,H, + Cl, E, = 72 kcals. 
i’) Cl, + C,H,Cl —“> HCl + Cl + CH,CI-CHCI 

(ii) Cl + C,H,Cl —*> HCl + CH,Cl-CHCI E, = 5 kcals. 
(iii) CH,ClLCHCl —*> CH,{CHCI + Cl E, = 21°5 kcals. 
(iv) Cl + CH,ClCHCl —“y HCl + C,H,Cl, E, = 3 keals. 


The activation energy for step (ii) is undoubtedly small and, from strictly analogous reaction 
steps (Steacie, ‘‘ Atomic and Free Radical Reactions ”’, A.C.S. Monograph 102, 1946, Chap. IX), 
itis taken as 5kcals. The activation energy for step (iii) is computed as follows : 


We have C,H, + H, —-> C,H, + 32°8 kcals. (Conant and Kistiakowsky, Chem. Rev., 1937, 
20, 181) 
—> + 2(C-H) — (H-H) — (C=C) 
— > + 1948 — 103°4 — (C=C) 
whence (C=C) = 58°6 kcals. 
Also C,H, + Cl, —-» CH,Cl*CH,Cl + 43-7 kcals. (see above) 


—> + 2(C-Cl) — (CI-Cl) — (C=C) 
—> + 2(C-Cl) — 57°8 — 58°6 
whence (C-Cl) = 80°0 kcals. a 
We have, therefore, 
CH,Cl-CH,Cl —-> C,H,Cl + Cl — 80°0 kcals. 
and CH,Cl-CH,Cl —-> C,H, + 2Cl — 43°7 — 57°8 kcals. 
whence, by subtraction, 


The corresponding endothermicit'y for decomposition of the 1 : 2-dichloroethy]l radical would not 
be very different from this figure, possibly a few kcals. less owing to the extra resonance energy in 
vinyl chloride. The activation energy for step (iv) must be less than that for step (ii) and is, 
therefore, assigned the value shown. 

By setting up stationary states for Cl,, *CHCl*CH,Cl, and Cl in accordance with the above 
scheme and solving, we find 


[*CHCI*CH,Cl] = [CH,CIl*CH,Cl] Vk he /kgh, 
and [Cl] = Wkyks/hoky 


. 


Hence the measured rate of reaction = dp/dt = k,[*CHCl*CH,Cl] 


This predicts first-order kinetics, in agreement with experiment, and shows that the overall 
energy of activation should be 4(E, + E, + E, — E,) = $(72 + 5 + 22 — 3) = 48 kcals., in 
close agreement with the experimental value of 47 kcals. 


* It should be pointed out that mechanism (A) is only valid provided that the activation energy for 
step (i’) is not so high that the concentration of molecular chlorine, in the stationary state, becomes 
significant. If it should subsequently be shown that mechanism (B) requires about 15 kcals. less 
activation energy than that for the rupture of the C-C bond in ethane, then (B) would be preferred. 
Mechanism (C) seems excluded because any decrease in activation energy would be compensated by an 
increase in step (iii) in the chain sequence. 
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It is possible to set up radical-chain mechanisms without difficulty from the other alternative 
primary processes. All these lead to rate equations of the type 


rate = (CH,Cl-CH,Cl] V/k,hoks/k, 
similar to the scheme above. The calculated overall activation energies are 54°5, 52, and 
59°5 kcals. for (B), (C), and (D), respectively; (D) is excluded on this basis, but (B) and (C) 
remain a possibility. 
Mechanism (A) being accepted for the 1 : 2-dichloroethane decomposition, it is possible to 
compute the chain length; thus for 477° (750° kK.) : 


: _ ky (CH,ClXCH,CI) _ i 
einen = }, PCHCFCH,Cl] ~ AV Rik 


chain length  —_ [hgh hykoks 
a" J Rah, Ry 


= I/k, 
Therefore chain length = k Xx 10-1%¢72,000/RT 
= 98 x 104 at 477° 


In the latter calculation it is only assumed that the non-exponential term of the rate equation 
for the initial rupture of the molecule has the normal value of 10!*. Too much precision should 
not, however, be claimed for this calculation for an error of a factor of 10 in this non-exponential 
term and of 5 kcals. in E, would alter the value of 9°8 x 10 by a factor of 270. The 
experiments with propylene as inhibitor support the view that the chain length must be at 
least 500, since even at the lowest concentrations (0-1 mm.) of inhibitor there was no indication 
of the consumption of the propylene during the course of the experiment. 

The inhibition experiments with propylene lend themselves to quantitative analysis. Since 
the rate is dependent only on the propylene concentration, the inhibitor must be destroying a 
chain-carrying species which is not involved in reaction with 1 : 2-dichloroethane. This can only 
be the case if the radical destroyed is the 1 : 2-dichloroethy] radical, i.e., 


(v) *CHCl-CH,Cl + CH,°CH:CH, anlp CHCICH, + HCl + *CH,°CH:CH, . 

The formulation of this step is supported by its approximate thermoneutrality and especially 
by the fact that the inhibiting behaviour of propylene in the reaction is so very different from 
that in reactions where the inhibiting step is thought to be radical addition to the olefinic linkage. 
The fate of the resonance-stabilised allyl radical is not important provided it disappears by 
dimerisation, as is likely, or by 1eaction with a further 1 : 2-dichloroethy] radical. 

Granted the correctness of this chain-terminating step, then analysis by the stationary-state 
method leads to 


dp/dt = k,[*CHCl-CH,Cl] 


k, ke : ke 
dis nioncren.cn}~ _ k{P] + Re . helP}) + 8k,. ie (k[P] + aa 
2(ks[P] + 2h) 
where [P] represents the concentration of propylene in suitable units. In agreement with 
experiment the rate is first-order with respect to 1 : 2-dichloroethane and the rate constant is a 
function only of the propylene concentration as variable. 

From the treatment of chain length given above it will be clear that k,, k,/k,, and k, can be 
calculated at a given temperature from the data for the non-inhibited reaction. If these 
constants are inserted in the inhibited-rate equation and suitable values of k, selected, then a 
very close fit to the experimental data is obtained. The full lines in Figs. 7, 8, and 9 have been 
drawn by taking the values of k, given below. A plot of logy, #,; against 1/T gives a good 
straight line (Fig. 12) from which one can deduce the rate equation k, = 3°4 x 10%-—7,500/RT, 
where , is in (g.-mol./l.)-1 sec.+. The non-exponential term is in agreement with that normal 
for bimolecular reactions, and the activation energy has the anticipated value. 

The experiments using ethylene as inhibitor give further support to our view that the 
radical-destroying action of propylene is as formulated above and not addition to the ethylenic 
linkage. From the curve for the ethylene-inhibited reaction shown in Fig. 11 it is easily 
calculated, on the assumption that the non-exponential term in the bimolecular rate equation 


is the same for both propylene and ethylene, that the activation energy of the radical-destroying 
step is the reasonable one of about 15 kcals. 
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The experiments with n-hexane, which gave the same maximally inhibited rate as that 
observed with propylene, provide further evidence that this rate is due to the (partly 
heterogeneous) decomposition of 1 : 2-dichloroethane by a non-chain and doubtless non-radical 
mechanism. 


Fic. 12. 











“2 1 1 
725 135 140 
YT. 
k’ x 104,* ky x 10%, kg x 10,} i) ks x 107, 
Temp. secs.“}. * secs.-1, * sec.-, (F x 16.§ ‘sec.-1, 
437° 2-10 6-85 3-43 1-88 1-65 
457 5-22 27-7 5-16 1-91 1-83 
480 14-1 126 8-03 1-96 2-23 


* This k’ is the rate constant for the unhibited reaction Jess the rate constant for the maximally 
inhibited reaction at the same temperature. It is, in fact, the rate constant for that part of the 
decomposition which proceeds by a chain mechanism. 

+ Calculated from the equation k, = 10!%e~72,000/RT, 

¢t Calculated from the equation k, = 10'%e~21,000/RT," 

§ Calculated from the relationship (k,/k,) = k’*/k,k3. Theoretically (k,/k,) should vary as e~2,000/RT 
and should have a value of approximately 2-5 x 107 over this temperature range. The discrepancy 
here is due to the fact that the product of the non-exponential terms of the chain steps does not have 
the theoretical value of (1018)? but is actually (6-4 x 10!*)%. The method of calculation used here 

laces all this discrepancy on the ratio of the non-exponential terms of the two bimolecular steps This 
is possibly justified because of the reasonable interpretation of the inhibited reaction which is thereby 
obtained. 


APPENDIX. 


It is well known that the cause of the present uncertainty regarding bond energies in organic 
molecules is lack of knowledge of the latent heat of sublimation of carbon. Long and Norrish 
(Proc. Roy. Soc., 1946, A, 187, 337) have recently reviewed the subject and have advanced 
arguments in favour of the “ high values” for the C-H bond energy in methane. Their 
conclusions are in agreement with bond energies determined by kinetic methods by Kistiakowsky 
and his collaborators (Andersen, Kistiakowsky, and Van Artsdalen, J. Chem. Physics, 1942, 10, 
305; Van Artsdalen, ibid., p. 653; Andersen and Kistiakowsky, ibid., 1943, 11,6; Andersen and 
Van Artsdalen, ibid., 1944, 12, 479; Kistiakowsky and Van Artsdalen, ibid., p. 469) and by 
Polanyi and his associates (Butler and Polanyi, Nature, 1940, 146, 129; Trans. Faraday Soc., 
1943, 39,19; Baughan and Polanyi, Nature, 1940, 146, 685; Tvans. Faraday Soc., 1941, 37, 648; 
Baughan, Nature, 1941, 147, 542; Baughan, Evans, and Polanyi, Trans. Faraday Soc., 1941, 37, 
377). They are also in agreement with the bond energies determined by electron impact by 
Stevenson (J. Chem. Physics, 1942, 10, 291; J. Amer. Chem. Soc., 1943, 65, 209; Stevenson 
and Hipple, ibid., 1942, 64, 1588, 2766; Hipple and Stevenson, Physical Rev., 1943, 63, 121). 
In this paper the averages of the bond energies given by the last three groups of authors have 
been employed for the C-H, C-C, and C=C bonds. Other bond energies were taken from Pauling 
(‘‘ The Nature of the Chemical Bond”, Cornell Univ. Press, 1942, p. 53). Fundamental 
vibrational frequencies used in the activation-energy calculations were taken from Herzberg 
(‘* Molecular Spectra ’’, Vol. I, Prentice-Hall Inc., 1939; Vol. II, D. Van Nostrand Co., 1945). 
The method of calculation was as outlined by Daniels (‘‘ Chemical Kinetics ’’, Cornell Univ. 
Press, 1938, pp. 220 et seq.). 


We thank Professor H. V. A. Briscoe for the interest he has taken in this paper and also the Distillers 
Co. Ltd. for gifts of chemicals. This work was carried out during the tenure of an I.C.I. Fellowship by 
one of us (D. H. R. B.). We are indebted to the Central Research Fund of London University for a 
grant in aid of this work. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, April 14th, 1948.] 




















[1949] The Kinetics of the Dehydrochlorination, etc. Part III. 165 


37. The Kinetics of the Dehydrochlorination of Substituted Hydro- 
carbons. Part III. The Mechanisms of the Thermal Decompositions 
of Ethyl Chloride and of 1: 1-Dichloroethane. 


By D. H. R. Barton and K. E. How tert. 


Ethyl chloride decomposes in the temperature range 398—493° by a homogeneous, 
first-order reaction to give, stoicheiometrically, ethylene and hydrogen chloride. 1 : 1-Di- 
chloroethane decomposes in the temperature range 356—453° by a nearly homogeneous, 
first-order reaction and furnishes vinyl chloride and hydrogen chloride with negligible quantities 
of acetylene. The acetylene in both this reaction and the 1 : 2-dichloroethane decomposition 
(preceding paper) arises by the (possibly heterogeneous) eae of vinyl chloride, as is 
proved by a study of the pyrolysis of vinyl chloride alone. Neither with ethyl chloride nor with 
1 : 1-dichloroethane is there any falling off in rate constant over the range 20—200 mm. initial 
pressure of reactant. The rate equation for ethyl chloride is given by k = 1-6 x 10'*e~59,500/RT 
and that for 1: 1-dichloroethane by k = 1-2 x 10%e~49,500/RT, the non-exponential terms of 
which are close to that (10'%) usually accepted for unimolecular decompositions. 

Neither the ethyl chloride nor the 1 : 1-dichloroethane decomposition is subject to the 
slightest inhibition on addition of propylene, and neither shows the temperature-variable 
induction periods characteristic of 1 : 2-dichloroethane (preceding paper). The reactions must 

roceed, therefore, by an entirely different type of mechanism from that observed with the 
atter. It is concluded that they constitute unambiguous examples of unimolecular 
decompositions. This view receives support from the fact that the activation energy for the 
ethyl chloride pyrolysis calculated by the semi-empirical method is in close agreement with that 
found experimentally. ° 


In Part II (preceding paper) it was shown that the thermal decomposition of 1 : 2-dichloro- 
ethane to vinyl chloride and hydrogen chloride proceeds by a radical-chain mechanism which, 
very probably, involves chlorine atoms and 1 : 2-dichloroethyl radicals. The principal evidence 
upon which this conclusion was based was a study of the inhibiting properties of small amounts 
of propylene. We have now investigated the thermal decompositions of ethyl chloride and 
1: 1-dichloroethane. No previous physicochemical investigation of significance has been made 
with these two substances, though Biltz and Kiippers (Ber., 1904, 37, 2398) reported a few 
preliminary experiments with 1 : 1-dichloroethane. 


EXPERIMENTAL. 


Materials.—1 : 1-Dichloroethane, ore by the addition of hydrogen chloride to vinyl chloride 
at —30° in the presence of aluminium chloride as catalyst, was purified in exactly the same ro | as that 
adopted with 1 : 2-dichloroethane (preceding paper). The following constants were recorded for the 
purified material and are compared with the means of the best literature values (in parentheses). B. p. 
57-4° corr. (mean 57-3° corr.: 57-3°, Timmermans, Chem. Zentr., 1911, II, 105; 57-25°, Lecat, Rec. 
Trav. chim., 1927, 46, 242; 57-30°, Timmermans and Martin, J. Chim. physique, 1926, 28, 770; 57-1°, 
Henne and Hubbard, J. Amer. Chem. Soc., 1936, 58, 404). 

F. p. (carbon dioxide vapour-pressure thermometer) —97-1° (mean —96-8°; —96-7°, Timmermans, 
loc. cit.; —96-6°, Timmermans and Martin, loc. cit.; —96-8°, Timmermans, Bull. Soc. chim. Belg., 
1934, 48, 626; —97-4°, Henne and Hubbard, Joc. cit.). d}$*° 1-177 (mean 1-178 interpolated: d% 1-2068, 
Timmermans and Martin, Joc. cit.; di 1-1835, idem. ibid.; d22° 1-1743, Briihl, Annalen, 1880, 203, 
11; 1-1755, Patterson and Thomson, /J., 1908, 98, 371; Henne and Hubbard, Joc. cit.; d3%° 1-1601, 
Timmermans and Martin, Joc. cit.). 3?" 1-4169 (mean 1-4166; 1-4165, Brihl, Joc. cit.; 1-4158, Weegmann, 
Z. physikal. Chem., 1888, 2, 231; 1-4164, Henne and Hubbard, loc. cit.). 

For ethyl chloride the standard method of purification was modified in that the washed and dried 
liquid was simply distilled into the crystallising vessel. The following constants were recorded for the 
purified material and are compared with the means of the best literature values (in parentheses). 

B. p. 12-9° corr. (mean 12-7° corr. : 13-1°, Timmermans, Chem. Zenir., 1914, 1, 618; 13-1°, von Grosse, 
J. Amer. Chem. Soc., 1937, 59, 2739; 12-3°, Timmermans and Hennault-Roland, J. Chim. physique, 
1937, $4, 693; 12-5°, Jenkin, Trans. Faraday Soc., 1923, 18, 198). F. p. (ethylene vapour-pressure 
thermometer) —137-5° (mean —137-5°: —138-7°, Timmermans, Joc. cit.; —136-4°, Timmermans and 
Hennault-Roland, /oc. cit.). 

The purified reagents were transferred to traps attached to the apparatus (see below) by distillation 
in a current of oxygen-free nitrogen. Before use the liquids were very thoroughly outgassed. The 
reagents were kept in liquid nitrogen or solid carbon dioxide-alcohol baths when the vapours wefe not 
being admitted to the reaction vessel. 

Apparatus.—Exactly the same apparatus and ompommentet technique were used here as detailed 
(preceding paper) for 1: 2-dichloroethane. All results recorded below were determined in reaction 
vessels whose walls had been coated with a carbonaceous film. 


Results. 


In order to establish the validity of pressure measurements as indicating the course of the thermal 
decompositions of ethyl chloride and 1 : 1-dichloroethane, a series of analyses for hydrogen chloride and 
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for acetylene were carried out at various temperatures and for various percentage decompositions. The 
hydrogen chloride determinations indicated a close correspondence between pressure increase and 
hydrogen chloride formation, as will be seen from Fig. 1, where the full line is drawn at the theoretical 
slope of 45°. In the case of ethyl chloride these analyses were sufficient to establish that the 
decomposition proceeded quantitatively according to C,H,Cl —>C,H, + HCl, but it was confirmed by 
acetylene analyses (see Table I) that the reaction C,H, —>C,H, + H;, as would be expected, played no 
part in the observed pressure increase. The case of 1: 1-dichloroethane is comparable with that of 
1: 2-dichloroethane. The main reaction was represented by CH,;-CHCl, —>CH,-CHCl + HCl, with 
a much smaller contribution from the process CH,:;CHCl —>C,H, + HCl, which could be neglected for 
practical purposes as is shown by the data in Table I. 

It was important to establish the origin of the acetylene, particularly in the 1 : 2-dichloroethane 
reaction, where it might conceivably have been formed by a chain-terminating step. Both 1: 1- and 
1 : 2-dichloroethane showed the same rate of acetylene formation at comparable rates of decomposition 
(compare preceding paper). This suggested that the acetylene was ormed by pyrolysis of vinyl 
chloride and experiments with the latter (Table I) confirmed this hypothesis. Although we have not 
made extensive experiments on this aspect of these decompositions, it seems probable that the acetylene 
is formed from the vinyl chloride by a heterogeneous process. 
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TABLE I. 


Time of Initial compound, HCl, calc. from press, C,H,, found, 
reaction, mins. mols. x 10°. change, mols. x 10°. mols. x 10-*. 


Ethyl chloride. 
690 


1 : 1-Dichloroethane. 


258 
197 
148 
177 


Vinyl] chloride. 


* Runs in packed vessel. 


A further check on the simple stoicheiometry of the reactions was provided by a series of long- 
term experiments (see Table II) in which the reaction was allowed to approach completion. In each 
case, and especially,with;the ethyl chloride, the pressure finally attained was close to double the initial 
pressure. 
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TABLE II. 
Initial Final Initial Final 
press., Time, press., P1!Pi. press., Time, press., 
Temp. 7, mm. hrs. Pt, Mmm. Temp. 7?;,mm. brs. 1, mm. 


Ethyl chloride. 1 : 1-Dichloroethane. 
472° 69-5 136-5 “97 420° 
471 21 42-5 S 429 
470 51 104-5 . 444 
444-5 185-5 365 . 438 
447-5 61-5 119-5 , 443 
437 


e 1:1-Dichloroethane at 442°. 
ofthy! chloride at 470-5". 


L i i 
20 40 60 
Minutes. 








Both ethyl chloride and 1 : 1-dichloroethane conformed to a first-order equation up to at least 75% 
decomposition, as is illustrated by typical runs shown in Fig. 2. There was no falling off in velocity 
constant over the initial pressure range 20—200 mm., as is shown by the data below : 


Ethyl chloride. 
At 444-5°. At 463°. 
45 50 55 18 15 35 45 60 #70 ~ 100 
. 126 121 121 411-9 11-9 340 340 34-9 35-7 33-7 36-4 


1 : 1-Dichloroethane. 
At 419°. At 429°. At 453°. 


~ 





abet, 


7 116 #30 60 6 150 40 5O 55 65 ~+# 80 
. 81-8 28-9 282 55:0 57:0 600 535 171 159 164 174 168 164 








A similar series of ‘‘ double”’ experiments with ethyl chloride and 1 : 1-dichloroethane to those 


recorded in the preceding paper for 1 : 2-dichloroethane showed that the reaction products had practically 
no inhibiting effect on the reaction : 


First vel. Second First vel. Second 
Pr* Pe* const., vel. const., i". 2° const., vel. const., 
ib 
. mm. mm. _ sec}, r . Temp. mm. mm. _ sec.-}, 


Ethyl chloride. 1 : 1-Dichloroethane. 
55 =: 150 11-9 1-9 , 442° 20 70 81 
45 45 34-9 , ; 442 30 70 84 
60 70 35-7 , : 437 35 60 61-5 
437 20 55 64 


* Pressures of ethyl chloride or 1 : 1-dichloroethane admitted. 


The reproducibility attained with both ethyl chloride and 1: 1-dichloroethane was good (see Tables 
above)—indeed, considerably better than that with 1 : 2-dichloroethane. The accuracy of the final 
averages of the measurements will be seen from Table III. Ethyl chloride, studied over the temperature 
range 398—493°, gave an activation energy of 59-5 kcals. (see Fig. 3) and a rate equation 
k = 1-6 x 10'e~59,500/RT, ]:1-Dichloroethane, over the temperature range 356—453°, showed 
similarly an activation energy of 49-5 kcals. (see Fig. 4) and a rate equation k = 1-2 x 10%e~49,500/RT, 
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Fic. 3. Fic. 4. 
P | 
< ° 
e4 7 
e Empty vesse/. 
e Empty vessel. 
o Packed vessel. e Packed vesse/. 
-5 -5} 
L 1 1 1 — we 
73 14 IS 73 14 1S 16 
104/T. 04YT 
TABLE III. 
Mean vel, Mean error of Mean vel. Mean error of 
No. of const. the mean vel. No. of const. the mean vel. 
Temp. runs. x 105,sec.4. const. x 10°.* Temp. runs. xX 10°, sec.4. const. x 10°.* 
Ethyl chloride (packed vessel). 1 : 1-Dichloroethane (packed vessel). 
454-5° 5 20-1 +0-1 356° 1 0-81 — 
469 7 48-5 +07 372-5 1 2-50 _- 
472 5 56-7 +0-4 380 1 3°82 _— 
474 1 60 — 382 1 4-22 _—- 
475 1 66 — 382-5 1 4-40 = 
481-5 3 101-3 +1-2 412 2 23-5 +0°5 
491 3 182 +5 ' 419 3 29-7 +1-0 
‘ 420 % 33-0 a 
Ethyl chloride (empty vessel). 425 3 41-0 +09 
398 1 0-69 — 429 a) 56-7 +11 
437 3 7:95 +0°3 443 2 101 +1-0 
441 1 9-7 — 444 ll 105 +0°9 
444-5 5 12-1 +0-13 453 7 166 +2-0 
463 9 34-7 +0-4 
470-5 3 51 $1-7 1 : 1-Dichloroethane (empty vessel). 
476-5 4 72-5 +0°9 381 1 3°25 — 
487°5 3 129 +16 397 3 ee O 40-17 
437 6 63 +0-6 
442 7 82 +1-0 


* Calculated from the equation o = VEA?/n(n — 1). 


In marked contrast to the decomposition of 1 : 2-dichloroethane (preceding paper), that of ethyl 
chloride and of 1 : 1-dichloroethane showed no sign of induction periods even at the lowest temperatures 
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Pressure of propylene, mm. 


studied. The present decompositions also differed remarkably from that of 1 : 2-dichloroethane in that 
addition of propylene had absolutely no effect on the reaction velocity (see Fig. 5). 

Packing the reaction vessel in a manner similar to that for the 1 : 2-dichloroethane reaction had no effect 
on the rate of ethyl chloride decomposition (Fig. 3), but slightly increased that of 1 : 1-dichloroethane 
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(Fig. 4). Inthe packed vessel the latter compound followed the rate equation k, = 1-4 x 101*e~ 49,500/R7, 
thus indicating no change in activation energy and a 15% increase in reaction velocity. This percentage 
increase in rate is almost identical with that found for 1 : 2-dichloroethane under the same conditions 
(preceding paper). 

DISCUSSION. 

The complete absence of any inhibiting effect by propylene in these decompositions is well 
illustrated by Fig. 5 (see above). This property, together with the absence of induction periods 
and the excellent adherence to first-order kinetics well beyond the 50% decomposition point, 
proves conclusively that these reactions must have a quite different mechanism from that 
proposed for 1 : 2-dichloroethane (preceding paper) and that they are certainly not radical-chain 
reactions. Two possibilities remain to explain their mechanism. FEither they are true, 
homogeneous, unimolecular reactions or they proceed by homogeneous non-chain-radical steps. 
We are strongly in favour of the former view, (a) because it is difficult to believe that the 
addition of propylene, which is well known to combine readily with radicals, in amounts equal 
to the amount of decomposing substrate would have no effect at all on the reaction rate, and (b) 
because all the reasonable non-chain-radical mechanisms that we have been able to devise 
(e.g., for ethyl chloride: C,H,Cl—-~C,H,+ Cl, Cl + C,H,Cl > HCl + C,H,Cl, 
C,H, + C,H,Cl —~> C,H,Cl + C,H,) should have activation energies approximately the 
same as the strength of the C—Cl bond (about 80 kcals.). 

In the case of ethyl chloride the activation energy for the reverse reaction, addition of 
hydrogen chloride to ethylene, has been calculated by the semi-empirical method by Sherman, 
Quimby, and Sutherland (J. Chem. Physics, 1936, 4, 732) to be about 45 kcals.; utilisation of 
modern bond energies (see Appendix of preceding paper) raises this to about 48 kcals. Since 
this addition reaction is exothermic to the extent of 15 + 1 kcals. (see Conn, Kistiakowsky, and 
Smith, J]. Amer. Chem. Soc., 1938, 60, 2764), it follows that the revised value for the unimolecular 
activation energy of the decomposition reaction is about 63 kcals. This is in excellent agreement 
with that found experimentally and supports our views as to the mechanism of the reaction. 
The semi-empirical method is not readily extended to the calculation of the activation energy for 
the decomposition of 1: l-dichloroethane. It is obvious, however, that it must be lower than 
that for ethyl chloride owing to the extra resonance energy in vinyl chloride as compared with 
ethylene. 

Another point providing further evidence for the decompositions of ethyl chloride and 
1 : 1-dichloroethane being truly unimolecular is the value of the non-exponential term in the 
relevant rate equations. For both substances the non-exponential terms are within a power of 
10 of that (10!*) usually considered normal for unimolecular reactions. On the other hand, for 
1 : 2-dichloroethane this term is 6°4 x 10!, which differs from the normal value by nearly 
10°-fold (see preceding paper). 


This work was carried out during the tenure of an I.C.I. Fellowship by one of us (D. H. R. B.). 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, April 14th, 1948.) 





38. Isomerisation Reactions. Part I. 
By G. M. BapGER, W. CARRUTHERS, J. W. Cook, and (Miss) R. ScHOENTAL. 


9-Chloromethyl-s-octahydroanthracene was converted by standard reactions into f-(9-s-octa- 
hydroanthranyl)propionic acid (I), which on treatment with anhydrous hydrogen fluoride 
underwent rearrangement and cyclisation to 1’-keto-9 : 10-cyclopenteno-s-octahydrophenanthrene 
(II). The same ketone was prepared also from lhe aa pect 6 i me acid (III) 
by cyclisation with aluminium chloride, and its constitution was proved by its conversion into 
the known 9: 10-cyclopentenophenanthrene, and by its oxidation to mellitic acid. The acid 
(III) was prepared by reduction of £-(9-phenanthryl)propionic acid with hydrogen and copper 
chromite. Chloromethylation of phenanthrene gave 1-chloromethylphenanthrene in addition to 
the known 9-chloromethy] derivative. 


VERY many examples have been recorded of rearrangement of the carbon skeletons of organic 
compounds, particularly among hydrocarbons of all classes (aliphatic, alicyclic, aromatic). The 
conversion of straight-chain hydrocarbons into isomeric branched-chain compounds is now, in 
fact, an important process in petroleum technology. Numerous catalysts have been employed 
for isomerisation, as also has heat (for bibliography, see Egloff, Hulla, and Komarewsky, 
‘‘ Isomerisation of Pure Hydrocarbons’’, New York, 1942). Aluminium halides are outstandingly 
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efficacious, and may cause rearrangement under very mild conditions of temperature and 
pressure. An interesting example is the action of aluminium chloride on tetralin at or below 
50—70°, which gives a mixture of hydrocarbons from which have been isolated, inter alia, 
s-octahydroanthracene, s-octahydrophenanthrene, and a non-crystalline fraction consisting 
essentially of 1-phenyl-4-tetralylbutane. This last-named compound is clearly an intermediate 
in the formation of the other two, which have been shown to be interconvertible under the 
influence of aluminium chloride (Schroeter, Ber., 1924, 57, 1990; cf. Kennaway, Biochem. J., 
1930, 24, 497). 

At first sight, the transformation of s-octahydroanthracene-9-sulphonic acid into s-octahydro- 
phenanthrene-9-sulphonic acid by means of sulphuric acid (Schroeter and Gétzky, Ber., 1927, 
60, 2035) seems closely allied to the interconversion of the related hydrocarbons by aluminium 
chloride, and may indeed be an analogous process. The sulphonic acid conversion is, however, 
a special case of the Jacobsen rearrangement of polyalkylbenzenes, which requires the presence 
of the sulphonic acid group in order that the reaction may occur. Thus, durenesulphonic acid 
rearranges into prehnitenesulphonic acid and other products in presence of phosphoric oxide, 
which does not affect durene itself (Smith and Cass, J. Amer. Chem. Soc., 1932, 54, 
1614). Moreover, pentamethylbenzenesulphonic acid undergoes spontaneous rearrangement 
when it is kept in a desiccator over sulphuric acid (Smith and Lux, ibid., 1929, 51, 2994; see also 
Moyle and Smith, J. Org. Chem., 1937, 2, 112). 

In the treatment of §-(9-s-octahydroanthranyl) propionic acid (I) with anhydrous hydrogen 
fluoride at room temperature we have found a reaction which has features both of the Jacobsen 
reaction and of aluminium chloride-catalysed rearrangements. Isomerisation and cyclisation 
took place, so that the product, 1’-keto-9 : 10-cyclopenteno-s-octahydrophenanthrene (II), was 
obtained in good yield. 


OO = OR - Of 


Hy o CO,H H,-CH,°CO,H 
(II.) (III.) 


Neither s-octahydroanthracene nor its 9-carboxylic acid underwent isomerisation under the 
same conditions. This suggests that cyclisation is an integral part of the rearrangement 
mechanism in the case of the propionic acid (I). Possibly there is an equilibrium between the 
octahydroanthracene structure (I) and the octahydrophenanthrene structure (III) which is 
disturbed by cyclisation of (III) with the result that conversion of (I) into (III) becomes greatly 
accelerated. This new type of rearrangement is being further examined and extended to other 
examples. 

The ketone (II) was prepared also from - (9-s-octahydrophenanthryl) propionic acid (III) by 
cyclisation with aluminium chloride. Its constitution was rigidly proved (a) by its oxidation 
with dilute nitric acid to mellitic acid, and (b) by its reduction by Clemmensen’s method to 
9 : 10-cyclopenteno-s-octahydrophenanthrene (IV), followed by dehydrogenation to the known 
9 : 10-cyclopentenophenanthrene (V). This was compared with an authentic specimen prepared 
by cyclisation of 8-(9-phenanthryl)propionic acid (VII) followed by reduction of the ketone (VI) 
(Weizmann, Bergmann, and Berlin, J. Amer. Chem. Soc., 1938, 60, 1331; Bachmann and 
Kloetzel, ibid., 1937, = 2207). 


at (VII.) 


The desired propionic acids were prepared from the corresponding chloromethyl] derivatives. 
For the chloromethylation of phenanthrene the method of Cook e# al. (J., 1935, 1323) and of 
Tarbell and Wystrach (J. Amer. Chem. Soc., 1943, 65, 2149) was slightly modified. Satisfactory 
yields were never obtained, however, the bulk of the material invariably being converted into 
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an intractable resin. The main crystalline product was 9-chloromethylphenanthrene, but we 
also isolated a small amount of 1-chioromethylphenanthrene (VIII) characterised by reduction 
with hydrogen and palladium to 1-methylphenanthrene. This method for the reduction of 
chloromethyl] derivatives gives very satisfactory results, the hydrocarbon being obtained almost 
quantitatively. Chemical methods of reduction, on the other hand, are often unsatisfactory 
owing to the formation of bimolecular derivatives (cf. Badger, Cook and Crosbie, J., 1947, 1432). 
Von Braun (Ber., 1937, 70, 979) mentioned the formation of the 1-chloromethyl derivative 
during the chloromethylation of phenanthrene, but gave no details or description. 

9-Chloromethylphenanthrene was condensed with ethyl malonate to give the desired malonic 
acid derivative previously prepared by Bachmann and Kloetzel (Joc. cit.) from 9-bromomethyl- 
phenanthrene. £-(9-Phenanthryl)propionic acid (VII) was readily formed from the malonic 
acid by decarboxylation, and some bimolecular product, evidently (IX), was also isolated. 
Hydrogenation with hydrogen in dioxan, over copper chromite under pressure, gave the desired 
8-(9-s-octahydrophenanthryl)propionic acid (III). It is of some interest that in spite of 
numerous experiments under a variety of different conditions of temperature and pressure we 
were unable to prepare the lower hydrides. Under milder conditions only inseparable mixtures 
containing both the unchanged acid and its octahydride were obtained. 


Vy ) Or CH,Cl 
V4 \ Os 
oO. wr) §=—6§ QD 


O,H 
(IX.) (X.) 


For the preparation of 8-(9-s-octahydroanthranyl)propionic acid (I), advantage was taken 
of the fact that s-octahydroanthracene readily undergoes mono-chloromethylation, to give 
9-chloromethyl-s-octahydroanthracene (X). In presence of excess of paraformaldehyde, 9 : 10-bis- 
chloromethyl-s-octahydroanthracene was also formed. The corresponding chloromethylation of 
anthracene yields only the bischloromethy] derivative (Badger and Cook, J., 1939, 802). Both 
chloromethyl derivatives were catalytically reduced in good yield to the corresponding 
hydrocarbons, 9-methyl-s-octahydroanthracene and 9: 10-dimethyl-s-octahydroanthracene; the 
constitution of the dimethyloctahydroanthracene was proved by its dehydrogenation to the 
known 9 : 10-dimethylanthracene. 

Condensation of monochloromethyloctahydroanthracene, in benzene solution, with ethyl 
sodiomalonate gave the desired substituted malonic acid, which on decarboxylation gave 
8-(9-s-octahydroanthranyl)propionic acid (I). In one condensation with ethyl sodiomalonate in 
alcoholic solution some bimolecular product, evidently ethyl di-(9-s-octahydroanthranylmethyl)- 
malonate, was isolated. 


EXPERIMENTAL. 


Chloromethylation of Phenanthrene.—A rapid stream of hydrogen chloride was introduced, with 
stirring, into a boiling suspension of powdered phenanthrene (300 g.) in concentrated hydrochloric acid 
(750 c.c.) and aqueous formaldehyde (40%; 750 c.c.), for 12 hours. After cooling, the aqueous layer 
was decanted and the dark oil washed with water, and then twice with dilute sodium carbonate. The 
product was treated with ether, filtered from some insoluble material, and then thoroughly washed first 
with dilute sodium carbonate and then water. After 48 hours’ drying (K,CO,), the solvent was removed 
and the oil distilled. There was a forerun of unchanged phenanthrene (110 g.), b. 8: 170—190°/4 mm., 
and the main fraction (155 g.) was collected as a yellow oil, b. P. 190—210°/4mm. On standing, crystals 
were deposited which, after recrystallisation from benzene-light petroleum and from alcohol, formed 
colourless needles of 9-chloromethylphenanthrene (60 g.), m. p. 100° (lit. 101—101-5°). Its identity 
was confirmed by oxidation with sodium dichromate to 9-phenanthroic acid and phenanthraquinone, and 
comparison with authentic specimens. Hydrogenation of 9-chloromethylphenanthrene, in acetone, over 
palladium black proceeded smoothly to give 9-methylphenanthrene, m. p. 90—91° (lit. 90—91°), picrate, 
m. p. 153° (lit. 152—153°). 

Evaporation of the benzene-light petroleum mother liquors gave a yellow oil, which was redistilled, 
the fraction, b. p. 210°/4 mm., being collected and dissolved in benzene-light petroleum. After 2 days, 
the crystals which had separated were collected, washed with ether, and recrystallised from alcohol. 
1-Chloromethylphenanthrene (VIII) (5 g.) formed colourless lustrous plates, m. p. 89—90° (Found: 
C, 79-5; H, 4:8. (C,,H,,Cl requires C, 79-4; H, 4.9%). Its picrate formed fine yellow needles, m. p. 
110—111°, from alcohol (Found: C, 55-5; H, 3-0; N, 9-4. C,,H,,Cl,C,H,O,N, requires C, 55-3; 
H, 3-1; N, 9-3%). Reduction of 1-chloromethylphenanthrene with hydrogen and palladium proceeded 
rapidly to give a rp pe m. p. 121° [lit. 123° (corr.)] (Found: C, 93-6; H, 6-2. Calc. for 
C,,H,,: C, 93-8; H, 6-2%). The picrate formed orange-yellow needles from alcohol, m. p. 136° [(lit. 
139° (corr.)] (Found: N, 10-2. Calc. for C,,H,,,C,H,O,N,: N, 10-0%). 
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p-(9-Phenanthryl)propionic Acid (VII).—9-Chloromethylphenanthrene (50 g.) was added to a solution 
prepared from sodium (5-4 g.), ethyl malonate (44 c.c.), and ethanol (180 c.c.); the mixture was refluxed 
for 2 hours. Potassium hydroxide (60 g.) in water (150 c.c.) was then added, and boiling continued for a 
further 3 hours. The acidic product was isolated in the usual way, dried, and decarboxylated at 190°. 
After extraction with dilute sodium carbonate and crystallisation from acetic acid, a small amount of 
sparingly soluble material was isolated. This product, evidently ww’-di-(9-phenanthryl)isobutyric acid 
(IX) (6 g.), crystallised from xylene in glistening colourless plates, m. p. 224° [Found: C, 87-4; H, 5-4; 
M (Rast), 430. C,,H,,O, requires C, 87:3; H, 55%; M, 440]. The methyl ester, prepared with 
diazomethane in acetone-ether, crystallised from methanol-ethyl acetate in fluffy colourless needles, 
m. p. 165—166° (Found: C, 87-3; H, 6-0. C,,H,,O, requires C, 87-2; H, 5-7%). The main bulk of 
the acidic material, phenanthrylpropionic acid, was crystallised from benzene, and formed colourless 
needles (40 g.), m. p. 174° (lit. 173—-174°). The methyl ester formed colourless needles, m. p. 71—72° 

lit. 72—73 

' In one amt in which crude chloromethylphenanthrene had been used, the propionic acid was found to 
be impure even after removal of the sparingly soluble diphenanthrylisobutyric acid. By fractional 
crystallisation a small quantity of B-(1-phenanthryl)propionic acid was obtained. It formed colourless 
crystals, m. p. 186—188° (Bachmann and Kloetzel, loc. cit., give m. p. 189—189-5°) (Found: C, 81-6; 
H, 5-4. Calc. for C,,H,,O,: C, 81:7; H, 56%). The methyl ester, prepared from the acid with 
diazomethane, was shown by mixed m. p. to be identical with an authentic specimen kindly supplied by 
Professor W. E. Bachmann. 

B-(9-s-Octahydrophenanthryl)propionic Acid (III).—The above 9-phenanthrylpropionic acid (6 g.) 
was reduced in dioxan by treatment for 5 hours with hydrogen at 180—190°/170 atmospheres, in the 
presence of copper chromite (4 g.). B- eee ee, acid (5 g.) formed small 
colourless needles, m. p. 179°, from benzene (Found: C, 79-6; H, 8-4. (C,,H,,O, requires C, 79-2; 
H, 85%). The methyl ester, prepared in ether with diazomethane, formed fine colourless needles, m. p. 
40—41°, from methanol (Found : C, 79-8; H,8-8. C,,H,,0, requires C, 79-5; H, 88%) 

9-Chloromethyl-s-octahydroanthracene (X).—Hydrogen chloride was passed into a Suspension of 
paraformaldehyde (3-9 g.) in glacial acetic acid (60 c.c.) until a clear solution was obtained. s-Octa- 
hydroanthracene * (18-6 g.) was then added, and the passage of hydrogen chloride continued, at 60°. 
After some hours the voluminous crystalline product which had separated was collected, and the filtrate 
again treated with hydrogen chloride. After a total of 7 hours the product was collected and 
recrystallised from glacial acetic acid. 9-Chlorometh Qt ye eo (12. g.) 1. colourless 
needles, m. p. 91—92° (Found: C, 76-7; H, 7:8; Cl, 15-0. C,;H,,Cl requires & 76-8; H, 8-1; Cl, 
15:1%). Reduction with hydrogen and palladium, in ethanol, proceeded readily, to give gee tN 
octahydroanthracene, which formed colourless plates from ethanol, m. p. 52° (Found : & 90-3; H, 9-8. 
C,5H_ requires C, 90-0; H, 10-0%). 

9: 10- ischloromethyl-s-octahydvoanthracene. —To the filtrate from the experiment just described, 
paraformaldehyde (2-5 g.) was added, and passage of hydrogen chloride at 60° continued for several 
hours. The precipitate was collected, and recrystallised first from acetic acid and then from ethanol. 
9 : 10-Bischloromethyl-s-octahydroanthracene formed colourless transparent scales, m. p. 214—215° 
(Found: C, 68-0; H, 7-3; Cl, 24-85. C,H, Cl, requires C, 67-8; H, 7-1; Cl, 25-1%). Reduction with 
hydrogen and palladium, in ethanol, gave 9: 10-dimethyl-s- octahydroanthracene, almost quantitatively. 
It formed colourless lustrous scales, m. p. 145—146° (Found: C, 89-6; H, 10-1. C,,H,. requires C, 
89-7; H, 10-3%). Dehydrogenation with palladium black in an atmosphere of nitrogen, at 270—290° 
for 3 hours, gave a yellow strongly fluorescent substance which crystallised from light petroleum in 
yellow needles, m. p. 181—182°, not depressed by admixture with authentic 9 : 10-dimethylanthracene. 

B-(9-s-Octahydroanthranyl)propionic Acid (I).—Ethyl malonate (3-2 g.) was treated with atomised 
sodium (0-46 g.) in dry benzene (15 c.c.), and the mixture refluxed for 3 hours. After cooling, 
monochloromethyloctahydroanthracene (4-6 g.) was added, and, after being left overnight, the mixture 
was refluxed for 7 hours. The liquid product was hydrolysed by being warmed for an hour with 
methanolic potassium hydroxide on the water-bath. The acid was purified by crystallisation of its 
sparingly soluble sodium salt; the regenerated malonic acid formed colourless micro-crystals, m. p. 184° 
(decomp.), from aqueous methanol (Found: C, 71:9; H, 7:2. C,sH,.O, requires C, 71-5; H, 73%). 
This acid was decarboxylated by being heated at 180—200° for a few minutes. y: -(9-s-Octahydroanthranyl)- 
propionic acid crystallised from light petroleum in colourless needles, m. p. 167—168° (Found : C, 79:3; 
H, 8-5. C,,H,,O, requires C, 79-1; H, 85%). 

In another experiment, monochloromethyloctahydroanthracene (2-34 g.) was added to an ethanolic 
solution of ethyl sodiomalonate [from sodium (0-23 g.), ethyl malonate (1-6 g.), and ethanol (2-5 c.c.)], and 
the whole boiled for an hour. The product was warmed with methanolic potassium hydroxide, and 
extracted with benzene after dilution with water. The benzene, on evaporation, gave a neutral product 
(which had resisted hydrolysis) evidently ethyl di-(9-s-octahydroanthranylmethyl)malonate. It formed 
colourless rods from benzene-light petroleum, m. p. 174°, after softening [Found: C, 80-1; H, 8-5; 
M (Rast), 507. C;,H,,O, requires C, 79-8; H, 8-7%; M, 554}. 

1’-Keto-9 : 10-cyclopenteno- s-octahydrophenanthrene (II). —(a) The above octahydroanthranylpropionic 
acid (0-5 g.) was treated with anhydrous hydrogen fluoride (ca. 20 c.c.), and the solution kept for 16 hours. 
The crude ketone was obtained in good yield by evaporation of the solution, followed by extraction of 
the residue with dilute sodium carbonate to remove unchanged acid. In another experiment, which was 
worked up after only 4 hours, some ketone was obtained, but much acidic material was recovered. 
1’-Keto-9 : 10-cyclopenteno-s-octahydrophenanthrene was purified by chromatography on alumina, in 
benzene solution, and then sublimation at 137°/0-4 mm. It crystallised from light petroleum in 
colourless needles, m. p. 197—198° [Found: C, 84-8; H, 8-3; M (Rast), 230. C,,H,,O requires C, 
85:0; H, 8:3%; M, 240]. The 2: 4-dinitrophenylhydrazone formed orange needles, m. p. 298° (decomp.), 
— Ons acetic acid (Found: C, 65-75; H, 5-7; N, 13-4. C,,H,,O,N, requires C, 65-7; H, 5-7; 

> 13- ‘Q)}* 
* Kindly gifted by Dr. E. de Barry Barnett. 
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(b) Octahydrophenanthrylpropionic acid (1 g.) was treated with thionyl chloride (5 c.c.) and warmed 
to ca. 50—60° for an hour, by which time evolution of hydrogen chloride had ceased. The excess of 
thionyl chloride was then removed at 50° under reduced pressure. The solid product, dissolved in 
nitrobenzene (3 c.c.), was cooled in ice and added to an ice-cold solution of aluminium chloride (1 g.) in 
nitrobenzene (10 c.c.), and the mixture left overnight at room temperature. After hydrolysis with 
hydrochloric acid, and steam distillation to remove the nitrobenzene, the product was crystallised from 
ethanol. It formed colourless needles, m. p. 195° after slight sintering, not depressed by mixture with a 
specimen prepared as under (a). 

Oxidation with nitric acid. The aforementioned ketone (160 mg.) was oxidised with dilute nitric acid 
in a sealed tube at 175—180° by the method used by Cook and Hewett (J., 1934, 371) in another case. 
The acidic product was converted, via the silver salt, into the methyl ester, which formed colourless 
prisms, from methanol, m. p. 187—188° (Found: C, 50-6; H, 4-2. Calc. for C,,H,,0,,: C, 50-7; 
H, 4:2%). Its identity with the hexamethyl ester of mellitic acid (lit. m. p. 187—188°) was confirmed 
by mixed m. p. with the ester obtained by oxidation of 9 : 10-bischloromethyl-s-octahydroanthracene 
under the same conditions. 

9 : 10-cycloPenteno-s-octahydrophenanthrene (IV).—The above ketone (0-8 g.) was added to a mixture 
of amalgamated zinc (8 g.), hydrochloric acid (40 c.c.), glacial acetic acid (10 c.c.), and toluene (10 c.c.). 
The mixture was refluxed for 24 hours, a further quantity (10 c.c.) of hydrochloric acid being added after 
12 hours. The solid product (0-7 g.) was sublimed at 170°/14 mm., and recrystallised from ethanol. 
9 : 10-cycloPenteno-s-octahydrophenanthrene formed long colourless needles, m. p. 156—158°, after 
sintering. Repeated crystallisation from various solvents, and passage through a column of alumina, 
did not result in a sharper definition of the m. p. (Found: C, 90-3; H, 9-6. C,,H,. requires C, 90-3; 
H, 9-7%). 

Dehydrogenation of the above cyclopenteno-octahydrophenanthrene (0-1 g.) with palladium black 
(0-02 g.) at 290—300° for 30 minutes proceeded smoothly. After sublimation, and recrystallisation 
from ethanol, 9 : 10-cyclopentenophenanthrene (V) had m. p. 150° (lit. 149—-150°; 154°); the picrate 
had m. p. 161° (lit. 161-5—162°). Both compounds were identified by comparison with authentic 
— prepared by cyclisation of B-(9-phenanthryl)propionic acid (VII) followed by reduction by the 

lemmensen method, as described by Weizmann, Bergmann, and Berlin (/oc. cit.). 


We thank the British Empire Cancer Campaign for a grant (to R.S.). One of us (G. M. B.) has been 
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39. The Mechanism of Decarboxylation. Part III. Further Evidence 
for the Occurrence of «-Quinolyl Anions during the Decarboxylation 
of Quinaldinic Acid. 


By B. R. Brown and D. Li. Hammick. 


By decarboxylating quinaldinic acid in quinoline (and ep the pyrolysis of calcium 
quinaldinate) aa’-diquinolyl has been obtained. In 1-chloro-2 : 4-dinitrobenzene, a-5-chloro-2- 
nitrophenylquinoline was formed, the reaction involving elimination of the 2-nitro-group and the 
substitution of the quinolyl group into the 3-position adjacent to it. In the presence of certain 
esters, decarboxylation of quinaldinic acid replaces the -OR group by the quinolyl group. 
Though in all cases yields are small, the fact that the reactions occur is taken as further evidence . 
for the formation of quinolyl ions (anionoid and basic reagents) during the decarboxylation of 
quinaldinic acid. 


In Parts I and II (Dyson and Hammick, J., 1937, 1724; Ashworth, Daffern, and Hammick, 
J., 1939, 809) it has been shown that the decarboxylation of picolinic, quinaldinic, and 
isoquinaldinic acids in aldehydes and ketones yields carbinols of the type R-C(OH)R’R” (where 
R is a-pyridyl, «-quinolyl, or l-isoquinolyl; R’ is aryl; and R” is hydrogen, alkyl oraryl). The 
course of the reaction was formulated in terms of an intermediate anion : 

RCO,H — > R- + CO, + Ht 


. H+ 
R- + “or > . —> neu 
) H 


A similar mechanism of decarboxylation has been suggested for various acids on the basis of 
kinetic investigations (Verhoek, J. Amer. Chem. Soc., 1934, 56, 571; Fairclough, J., 1938, 1186). 
However, direct chemical evidence for the occurrence of such anions is scarce, the only recorded 
examples being the rapid reactions of the anions from aliphatic «-nitro-carboxylic acids and 
from dibromomalonic acid with bromine (Pedersen, J. Physical Chem., 1934, 38, 559; Muus, 
ibid., 1935, 39, 343). A variety of chemical evidence is now presented to substantiate this 
ionic mechanism for the decarboxylation of quinaldinic acid. 
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By decarboxylating quinaldinic acid in quinoline, we have obtained a very small amount of 
ax’-diquinoly]l (I), identified by the method of mixed m. p. We believe that this substance is 
produced by attack of the transitory «-quinolyl anion on the cationoid «-position of a quinoline 
molecule and liken this process to the reaction of quinoline with such reagents as sodamide, 
sodium hydroxide, lithiumalkyls, and sodium piperidine (Bradley and Robinson, J., 1932, 1254) : 


ov’S “YS ee 
© & pCO, — LA A no + CO, + 
OO: @W/\ 0NYS\ 7 
+{ | |— An JON + H- 
OU WNY\Z OY 


It is recorded (Besthorn and Ibele, Ber., 1904, 37, - that 2: 7’-diquinolyl, m. p. 191°, is 
produced by heating calcium quinaldinate. We have reinvestigated this reaction, and have 
proved that the compound so obtained is the expected aa’-isomer. The better yield obtained 
from the calcium salt is probably due to the absence of the competing reaction : 


4S WV \ 
OL + = OO 


which occurs when the free acid decomposes. The production of a«’-dipyridy] by the distillation 
of copper picolinate (Blau, Ber., 1888, 21, 1077) probably occurs by the same mechanism. 

That the «-quinolyl anion can also react with cationoid centres in purely aromatic molecules 
has been established by decarboxylating quinaldinic acid in nitro-compounds. m-Dinitro- 
benzene yields «-2 : 6-dinitrophenylquinoline (II), the structure of which is inferred from analogy 
with the reaction between m-dinitrobenzene and alcoholic potassium cyanide (Lobry de Bruyn, 
Rec. Trav. chim., 1883, 2, 219; von Heteren, ibid., 1901, 20, 107) : 


NO NO,/ S ) 


f \\ —> NO¥ 
\4 S 
O, Et 


complications due to the presence of alcohol being absent : 


ONY 4. NO a ON/\S \ NO \ o> 
An + G7 OF al 


(If.) 


Similarly, by decarboxylating in 1-chloro-2 : 4-dinitrobenzene, a«’-diquinolyl and «-5-chloro-2- 
nitrophenylquinoline (III) (identified by mixed m. p. with a synthetic specimen) were produced 
in small yield. (It was proved in separate experiments that neither of these products was 
obtained by heating quinoline with 1-chloro-2 : 4-dinitrobenzene for several hours at 180°.) 
The aa’-diquinolyl probably arose from the attack of the anion on the quinoline produced by 
straight decarboxylation. The formation of «-5-chloro-2-nitrophenylquinoline involves the 
elimination of a nitro-group with substitution by the quinoly] anion in the adjacent position : 


CN- + OEt~ + + H- + NO,- 


Om + “© > OO OQ os 


(III. No 


Though the exact mechanism of such a reaction is obscure, it is analogous to the reaction of 
alcoholic potassium cyanide with m- and p-chloronitrobenzene, which von Richter (Ber., 1875, 
8, 1418) formulated as an addition reaction, followed by elimination of nitrous acid : 


Cl Cl Cl 


N AS AN 3 
H CN- —- N—- HNO 
Q +Ht4+ 1, ee (Un + HNO, 


0; NO, 








J i i ee 
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Similar group displacements with substitution in adjacent positions have been studied by 
Gilman and his co-workers (J. Amer. Chem. Soc., 1945, 67, 349, 1479; 1946, 68, 143), who, 
however, advance no mechanism. 

In the reactions discussed above, the «-quinolyl anion apparently functions like a cyanide ion, 
behaviour remarked upon in Parts I and II (/occ. cit.), and recently shown to extend to the 
y-position of pyridine and quinoline (Mislow, J. Amer. Chem. Soc., 1947, 69, 2559; Brown, 
Hammick, and Thewlis, Nature, 1948, 162, 73). Moreover, the quinolyl anion is the conjugate 
strong base of the “‘ acid ” quinoline, and as such should be able to displace other anionic bases 
(e.g., OrAlk-) from esters. This reaction has been realised by decarboxylating quinaldinic 
acid in methyl and ethyl benzoates and in methyl phenylacetate : 


AAW AAW 
pcan + fC — pricol, YY tor 


(R = Me or Et.) (IV.) 


Ph-CH,‘CO,Me + OO — wl YS + OMe- 
e 
2 2 An y, Ph-CH, wt /\ 4 


The yields obtained were small, the more facile reaction with hydrogen ions predominating. 
Phenyl] «-quinolyl ketone (IV) was identified by analysis and mixed m. p., and benzyl a-quinolyl 
ketone (V) was separated from the a«a«’-diquinolyl formed as its 2 : 4-dinitrophenylhydrazone, and 
identified by mixed m. p. It was not possible to investigate the displacement of halide ions 
from aliphatic halides, since complications would arise from the attack of the halide on the 
quinoline produced during decarboxylation. 

a-3-Chlorophenylquinoline, a-3-chlovo-2-nitrophenylquinoline, and a-5-chloro-2-nitrophenyl- 
quinoline, needed for comparison with the decarboxylation products, were obtained in good yield 
from the corresponding substituted acetophenones (Waters, /., 1945, 629) by the Friedlander 
synthesis. 

EXPERIMENTAL. 
(Analyses are by Mr. F. C. Hall and Drs. Weiler and Strauss, Oxford. M. p.s are uncorrected.) 


a-3-Chlorophenylquinoline.—A mixture of m-chloroacetophenone (0-8 g.) (Evans, Morgan, and 
Watson, J., 1935, 1172), o-aminobenzaldehyde (0-6 g.), alcohol (40 c.c.), and 2N-sodium hydroxide 
(2 c.c.) was refluxed for 64 hours. Water (60 c.c.) was added to the cooled solution, and the white solid 
precipitate separated, washed with water, and dried (1-1 g.,92%). Two recrystallisations from aqueous 
alcohol (1: 10) yielded a-3-chlorophenylquinoline in the form of small colourless needles, m. p. 64—65° 
(Found: C, 75-45; H, 4:2; N, 5-85. C,;H, NCI requires C, 75-2; H, 4:2; N, 5-85%). The compound 
is readily soluble in light petroleum. It is soluble in dilute hydrochloric acid whence it is precipitated by 
alkali. The picrate separated from alcohol as small yellow prisms, m. p. 184—185° (Found: N, 11-75. 
C,,H,,;0,N,Cl requires N, 11-95%). 
a-3-Chloro-2-nitrophenylquinoline. —3-Chloro-2-nitroacetophenone (1-0 g.) (Waters, Joc. cit.) and 
o-aminobenzaldehyde (0-6 g.) were dissolved in a mixture of alcohol (50 c.c.), water (40 c.c.), and 
2n-sodium hydroxide (10 c.c.), and refluxed for 2 hours. On cooling overnight, long flat golden-yellow 
crystals (0-5 g., 35%, m. p. 128—129°) separated. Two recrystallisations from light petroleum (b. p 
80—100°) ielded a-3-chloro-2 Yee re in the form of colourless needles, m. p. 1299—130° 
(Found: C, 63-4; H, 3-15; Cl, 11-9. C,,H,O,N,Ci requires C, 63-3; H, 3-1; Cl, 124%). The 
compound i is fairly soluble in cold alcohol, almost insoluble in water, but easily soluble in cold mineral 
acids. The picrate separated from alcohol as small chrome-yellow prisms, m. p. 144—145° (Found : 
C, 49-4; H, 2-5. C,,H,,O,N,Cl requires C, 49-1; H, 2-3%). 
a-5-Chloro-2-nitrophenylquinoline (III).—A mixture of 5-chloro-2-nitroacetophenone (0-6 g.) (Waters, 
loc. cit.), o-aminobenzaldehyde (0-4 g.), alcohol (40 c.c.), and 2N-sodium hydroxide (2 c.c.) was refluxed 
for 8 hours. Water (50 c.c.) was added to the cold solution, and the precipitated yellow solid (0-4 g., 
47%) dried at 100° and recrystallised from aqueous acetone (1:1). The colourless feathery needles 
(m. p. 139—150°) which separated were crystallised 4 times from light petroleum > p. 80—100°) ; 
the product then had m. p. 156° (Found : C, 63-1; 63-7; H, 3-65, 3-5; SCL, 11-9. C,,;H,O,N,Cl requires 
C, 63-3; H, 3-1; Cl, 12: M0). The compound is very soluble in cold alcohol or acetone but can be 
ised from aqueous alcohol. It is almost insoluble in water, but easily dissolves in dilute mineral 
acids. The ae separated from alcoho! in the form of small yellow plates, m. p. 166—167° (Found : 
N, 12-6. C,,H,,0,N,Cl,C,H,O requires N, 12-5%). 
aa’-Diguinolyl (I) (Smirnoff, Helv. Chim. Acta, 1921, 4, 807).—This formed colourless irregular 


plates, m. P; - 5—193-5°, from alcohol. The picrate separated from alcohol as fine yellow needles, 
m. p. 211—212°. 

Benzyl a-Quinolyl Ketone (V) (Kaufmann, Dandliker, and Burkhardt, Ber., 1913, 46, 2933).—This 
separated from aqueous alcohol as colourless silky needles, m. p. 78—79°. The 2 : 4-dinitrophenyl- 
hydrazone (prepared in alcohol) separated from glacial acetic acid as fine orange-coloured needles, m. p. 
247° (Found: N, 16-0. C,3H,,O,N, requires N, 16-4%). 

Decarboxylation of Quinaldinic Acid in Quinoline.—The acid (10 g.) was decarboxylated by being 
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heated at 160—180° in redistilled quinoline (50 c.c.) for 4 hours. The resulting dark brown solution 
was treated with dilute aqueous potassium hydroxide and distilled in steam. When all the quinoline 
had been removed, a tarry crystalline mass was isolated by ether extraction of the residual aqueous 
liquid. Two recrystallisations from alcohol (plus charcoal) yielded almost colourless, long narrow 
plates (6 mg.), m. p. 191—192°. The mixed m. p. with aa’-diquinolyl was 191—193°. 

Pyrolysis of Calcium Quinaldinate (Besthorn and Ibele, Joc. cit.).—-The calcium salt (0-6 g.), heated 
over a free flame for several minutes, yielded a sublimate of yellow crystals. Two recrystallisations 
from same aye yielded colourless plates (10 mg.), m. p. 192—193°, unchanged by admixture with synthetic 
aa’-diquinolyl. 

Dunuhongietinn of Quinaldinic Acid in m-Dinitrobenzene.—Quinaldinic acid (10 g.) and recrystallised 
m-dinitrobenzene (100 g.) were kept at 155—175° until decarboxylation was complete (3 hours). 
Extraction by means of 15% hydrochloric acid with addition of charcoal yielded a yellow solution, which 
was made alkaline and distilled in steam to remove quinoline (about 4.c.c.). The remaining yellow solid 
was separated and recrystallised from aqueous acetic acid. The fine pale yellow needles of a-2 : 6-di- 
nitrophenylquinoline (0-2 g., m. p. 140—142°) were recrystallised from the same solvent and were then 
colourless and had m. p. 140—141° (Found: C, 60-8; H, 3-0. C,,H,O,N; requires C, 61-0; H, 3-05%). 
The picrate separated from alcohol as yellow prisms, m. p. 183—184° (Found: N, 15-4. C,,H,,0,,N, 
requires N, 16-0%). 

Decarboxylation of Quinaldinic Acid in 1-Chloro-2 : 4-dinitrobenzene.—The quantities and conditions 
used were as described for m-dinitrobenzene above. When the quinoline had been removed, the 
remaining dark brown solid was extracted with light petroleum, and yielded a pale yellow solid (0-25 g.), 
m. p. 145—160°. Recrystallisation from acetone (5 c.c.) gave pale yellow long narrow plates (10 mg.), 
m. p. 190—191°. On crystallisation from acetone and then from alcohol, the m. p. was 192—193°, 
unchanged by mixing with an authentic specimen of aa’-diquinolyl. The picrate separated from alcohol 
as yellow needles, m. p. 210—211°, alone or mixed with the picrate of aa’-diquinolyl. 

The acetone mother liquor from the original crystallisation of the diquinolyl was evaporated and the 
white solid residue crystallised from aqueous acetone. The colourless feathery needles (m. p. 147—150°) 
which separated were twice recrystallised from light petroleum, and then had m. p. 157° (Found: C, 
62-9, 63-2; H, 3-0, 3-2; N, 9-8. Calc. for C,,H,O,N,Cl: C, 63-3; H, 3-1; N, 98%). The mixed m. p. 
with synthetic a-5-chloro-2-nitrophenylquinoline was 156—157°. ‘ 

Decarboxylation of Quinaldinic Acid in Methyl Benzoate.—Quinaldinic acid (5-0 g.) was dissolved in 
redistilled methyl benzoate (50 c.c.) and heated (gently at first, finally refluxing) for 2 hours. A steady 
evolution of carbon dioxide was maintained and the solution became red. The cold liquid was extracted 
with 15% hydrochloric acid (50 c.c.) and ether (50 c.c.). The acid layer was shaken with ether, 
separated, made alkaline, and distilled in steam. Quinoline (about 2 c.c.) collected in the distillate, and 
then colourless needles (several mg.). These were recrystallised from aqueous acetic acid and then had 
m. p. 107—108° (Found: C, 82-1; H, 5-1. Calc. for C,,H,,ON: C, 82-4; H, 4-7%). On admixture 
with authentic phenyl a-quinolyl ketone (Dyson and Hammick, /oc. cit.) the m. p. was unchanged. 

Decarboxylation in ethyl benzoate yielded the same product. 

Decarboxylation of Quinaldinic Acid in Methyl Phenylacetate.—A solution of the acid (10 g.) in the 
ester (100 c.c.) was heated until decarboxylation was complete (6 hours). Extraction and steam 
distillation as described in the previous examples removed quinoline. The residual brown solid was 
separated, washed with water, dried, and recrystallised from alcohol with addition of charcoal. The 
yellow crystals (several mg.) which separated were. recrystallised from alcohol and were then obtained 
as colourless plates, m. p. 192—193°, alone or mixed with aa’-diquinolyl. 

The alcoholic mother liquor from the original extraction was evaporated to small bulk and filtered 
into a hot solution of 2 : 4-dinitrophenylhydrazine sulphate in alcohol. A red precipitate (several mg.), 
m. p. 240°, separated on cooling. MRecrystallisation from glacial acetic acid yielded orange micro- 


crystals, m. p. 245°. The mixed m. p. with the dinitrophenylhydrazone of benzyl a-quinoly! ketone 
was 246°. 


The authors express their thanks to Dr. W. A. Waters for gifts of chemicals. 


Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. (Received, April 21st, 1948.) 





40. Derivatives of 2-Styryl-4 : 5-dihydro-oxazol-5-one. 
By Witson BAKER. 


p-Methoxy-a-methylci nnamoylglycine reacts with ethyl orthoformate and acetic anhydride to 
give the ethoxymethyleneoxazolone (I; R = OEt) some reactions of which are described. 


THE interaction of p-methoxy-a-methylcinnamoyl chloride and glycine in alkaline solution gave 
p-methoxy-a-methylcinnamoylglycine, and this was converted by the action of ethyl orthoformate 
and acetic anhydride into 4-ethoxymethylene-2-(p-methoxy-B-methylstyryl)-4 : 5-dihydro-oxazol-5- 
one (I; R= OEt). Treatment of (I; R = OEt) with alkali very rapidly gave the sparingly 
soluble sodium salt of 4-hydroxymethylene-2-(p-methoxy-B-methylstyryl)-4 : 5-dihydvo-oxazol-5-one 
(I; R = OH). 


a ? Oo am O—CH 
V4 N . ° ae } jy ~ . ° 4 
MeO’ _YCH:CMe cK. Coe MeO’ _YCH:CMe cK = 
(I.) (II.) 
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The ethoxymethylene compound (I; R = OEt) reacted immediately with aniline at room 
temperature yielding 4-anilinomethylene-2-(p-methoxy-B-methylstyryl)-4 : 5-dihydro-oxazol-5-one 
(I; R= NHPh); a similar behaviour was shown by the hydroxymethylene compound 
(I; R = OH), but the reaction took several hours. These reactions, and especially the latter, 
exclude the possibility that the compounds might be the isomerie derivatives of oxazole-4- © 
carboxylic acid (II; R = OEt, OH, or NHPh). 

Reduction of the sodium salt of the hydroxymethylene compound (I; R = OH) with 
hydrogen in presence of Raney nickel resulted in the uptake of one molecule of hydrogen, giving 
the sodium salt (uncharacterised) of 4-hydroxymethylene-2-(8-p-methoxyphenylisopropy))- - 


4 : 5-dihydro-oxazol-5-one. This salt gave an intensely blue ferric chloride complex soluble in 
benzene. 


This whole series of reactions is similar to the behaviour of cinnamoylglycine which gives the 
related 2-styryloxazolone derivatives (Committee for Penicillin Synthesis, C.P.S. 35, 55, 66), but 


is remarkable for the unusual ease with which the various products are isolated in the crystalline 
state. 


EXPERIMENTAL. 


p-Methoxy-a-methylcinnamoyl Chloride.—p-Methoxy-a-methylcinnamic acid (48 g.; 1 mol.) and 
thionyl chloride (36 g.; 1-2 mols.) were heated on the water-bath for 3 hours; excess of thionyl chloride 
was removed in a vacuum leaving an oil which solidified on cooling. By crystallisation from light 
petroleum (b. p. 40—60°) at 0° the p-methoxy-a-methylcinnamoyl chloride was obtained in thick, hexagonal 
plates, m. p. 31° (Found : C, 62-4; H, 5-5. C,,H,,0,Cl requires C, 62-7; H, 5-3%). 

p-Methoxy-a-methylcinnamoylglycine.—The crude acid chloride prepared as above from the acid 
(48 g.) was dissolved in dry ether (50 c.c.) and added dropwise during 1 hour to an ice-cooled, stirred 
solution of glycine (22-5 g.; 1-2 mols.) in 2N-sodium hydroxide (150 c.c.; 1-2 equivs.), simultaneously 
with 2Nn-sodium hydroxide (150 c.c.). After stirring for a further hour without cooling the ether was 
removed in a current of air and the liquid filtered (charcoal) and acidified to Congo-red with hydrochloric 
acid. The solid was collected, washed well with cold water, and crystallised from a mixture of boiling 
water (2 1.) and glacial acetic acid (200 c.c.) (charcoal 20 g.), giving p-methoxy-a-methylcinnmoylglycine as 
thin, colourless prisms (45-7 g.), m. p. 127° with some previous softening (Found: C, 62-9; H, 6-2; 
N, 5-5. C,3H,; aN requires Cc, 62-6; H, 6-0; N, 56%). 

4-Ethoxymethylene-2-(p-methoxy-B-methylstyryl)-4 : 5-dihydro-oxazol-5-one (I; R = OEt).—The con- 
densation of the preceding acid with ethyl orthoformate and acetic anhydride has been studied in 
some detail. The best yields are obtained with not less than 5 molecules of acetic anhydride; with 
4 molecules of the anhydride smaller yields of very dark products result even when the reaction is carried 
out at 100°, and the yields are even less satisfactory with 3 molecules. The optimum conditions are 
described below. -Methoxy-a-methylcinnamoylglycine (5 g.), orthoformic ester (3-6 g.; 1-2 mols.), 
and acetic anhydride (10 g.; 5 mols.) were heated (oil-bath at 120—130°) for 4 hour. On cooling the 
oxazolone derivative separated in pinkish crystals which were collected and washed with cold alcohol 
(yield, 2-0 g.); a further ey (0-1 g.) separated from the combined mother-liquors and washings. 
4-Ethoxymethylene-2-(p-methoxy-B-methylstyryl)-4 : 5-dihydro-oxazol-5-one crystallised from alcohol 
(charcoal) in very pale pinkish needles, m. p. 145° (Found: C, 66-8; H, 5-6; N, 5-1. C,,H,,0O,N 
requires C, 66-9; H, 5-9; N, 4-9%). 

4-Hydroxymethylene-2-(p-methoxy-B-methylstyryl)-4 : 5-dihydro-oxazol-5-one (I; R = OH).—The 
preceding compound (2-5 g.) was warmed to 50° with alcohol (20 c.c.) and a solution of sodium hydroxide 
(0-6 g.; ca. 1-5 mols.) in water (20 c.c.), whereupon solution occurred followed by separation of the very 
sparingly soluble sodium salt of the hydroxymethylene derivative. After cooling, the sodium salt was 
collected, washed with cold water, and dried (1-8 g.). The filtrate and washings were acidified whereupon 
the remainder of the substance separated as the free hydroxymethylene compound as a bright yellow 
precipitate which was collected, washed, and dried (0-5 g.). By rapid crystallisation from a small 
volume of warm acetic acid, the 4-hydroxymethylene-2-(p-methoxy-B-methylstyryl)-4 : 5-dihydro-oxazol-5- 
one (I; R = OH) separated in small, golden-yellow, highly refracting triangular plates, m. p. (rapid 
heating) ca. 167—168° (decomp.). These crystals probably contain solvent of crystallisation, and 
become opaque after drying in a vacuum over sodium hydroxide (Found in material dried in a vacuum 
at 100° over sodium hydroxide: C, 64-6; H, 5-1; N, 5-9. C,,H,,0,N requires C, 64-9; H, 5-0; N, 
5-4%). The compound is not stable in hot acetic acid solution which rapidly becomes red; the solution 
also stains organic matter, including the skin, a dark purple-red colour. Addition of ferric chloride to 
its alcoholic solution gives a dull blue-green colour, becoming violet on the addition of water, and then 
slowly red. Treatment with ethereal diazomethane — a yellow oil, insoluble in aqueous sodium 
hydroxide, and which gives no colour with alcoholic 


erric chloride, but does not appear to react with 


aniline. 
4-Anilinomethylene-2-(p-methoxy-B-methylstyryl)-4 : 5-dihydro-oxazol-5-one (I; R = NHPh).—(a) The 
ethoxymethylene derivative (I; = OEt) (0-25 g.) was dissolved in a mixture of alcohol (2 c.c.) and 


chloroform (2 c.c.) and aniline (0-25 c.c.) added. In about 1 minute yellow crystals began to deposit 
which were later collected and washed with cold alcohol (yield, 0-24 g.; m. p. 201°). The anztlino- 
methylene derivative separated from a mixture of ethyl alcohol and ethyl acetate in bunches of bright 
yellow B49), p. 201—202° (Found: C, 71-7; H, 5-5; N, 8-8. C.H,,0,N, requires C, 71-8; 
H, 5-4; N, 8-4%). 

A similar experiment using the hydroxymethylene compound (I; R = OH) in place of the 
ethoxymethylene compound (I; R = OEt) gave the anilino-derivative (I; R = NHPh) (0-20 g.), 

N 
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m, p. without recrystallisation 202° (mixed m. p. with the previous specimen, 201—202°). In this case 
the reaction is slow, the derivative being deposited only after several hours.. . 

Reduction of 4-Hydroxymethylene-2-(p-methoxy-B-methylstyryl)-4 : 5-dihydro-oxazol-5-one.—The sodium 
salt of the hydroxymethylene derivative (0-6 g.) in alcohol (15 c.c.) and water (15 c.c.) was shaken 
in hydrogen in presence of Raney nickel. Absorption of hydrogen ceased after 1 molecule had been 
taken up, and the filtered solution was evaporated to dryness under reduced pressure at 50°, leaving the 
sodium salt of 4-hydroxymethylene-2-(f-p-methoxyphenylisopropyl)-4 : 5-dihydro-oxazol-5-one as a 
colourless, non-crystalline solid residue. An aqueous solution of this salt gave an intense blue colouration 
with ferric chloride, the coloured complex being soluble in benzene, a property rapidly destroyed by 
previously treating the solution with acid which doubtless causes opening of the oxazolone ring. Dilute 
aqueous or aqueous-alcoholic solutions of the salt show a marked blue fluorescence. 


*Tue Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. 
THE UNIVERSITY, BRISTOL. (Received, April 27th, 1948.) 





41. Compounds Related to 4: 4'-Diaminodiphenyl Sulphone. 
p-Arylsulphonylphenylethylamines and Related Compounds. 


By H. Burton and P. F. Hu. 


Various p-arylsulphonylphenylalanines and related acids have been synthesised, but they 
could not be decarboxylated satisfactorily. 1-p-Arylsulphonylphenylethylamines and related 
amines were best obtained from the corresponding ketones by the Leuckart reaction, whilst the 
2-substituted ethylamines were prepared from the appropriate arylpropionic acids by the 
Curtius azide rearrangement. 


In continuation of previous work (jJ., 1945, 14, 468; 1947, 52; 1948, 525, 528) on the 
synthesis of compounds related to 4 : 4’-diaminodiphenyl sulphone, we decided to investigate 
typical diaryl and aryl alkyl sulphones containing an aminoalkyl group. Apart from isolated 
examples, for instance, l- and 2-p-methylsulphonylphenylethylamines (Fuller, Tonkin, and 
Walker, J., 1945, 633), few of these compounds have been investigated. 

Our first exploratory route was to convert the previously described (J., 1948, 601) 
p-arylsulphonylbenzaldehydes through the corresponding azlactones into the p-arylsulphonyl- 
phenylalanines. We could not, however, decarboxylate the amino-acids at all satisfactorily. 
The 2-p-arylsulphonylethylamines were finally prepared by the route: benzaldehyde —> 
cinnamic acid —-> arylpropionic acid —-> ethylamine, using the Curtius azide rearrangement 
for the final step. The method was very successful in spite of the many intermediate stages 
involved. © 

1-p-Arylsulphonylethylamines and related amines were prepared in good yield from the 
appropriate ketones by Leuckart’s method (Ber., 1885, 18, 2341), as modified by Ingersoll 
(J. Amer. Chem. Soc., 1936, 58, 1808). 

Minor differences in technique were often employed, especially when substituents present 
were known to be sensitive towards the reagents generally used; these differences are detailed 
in the experimental] section. 

We were particularly interested in p-sulphamylphenylalanine, 

p-NH,’SO,°C,H,°CH,°CH(NH,)*CO,H 

and the related amines, since Schaffer (Proc. Soc. Exp. Biol. Med., 1938, 37, 648) had reported 
that the above amino-acid had a greater antistreptococcal activity than sulphanilamide. We 
were unable to find any description of the compound in the literature and we accordingly 
synthesised the amino-acid and the related 1- and 2-p-sulphamylphenylethylamines. 
It was surprising to find that the amino-acid and both these amines had little or 
no activity against Strep. hemolyticus in vitro, i.e., no growth inhibition at a dilution 
of 1:1000. Another noteworthy result was that 4-p-aminophenylsulphonylphenyl- 
alanine, p-NH,°C,H,°SO,°C,H,°CH,°CH(NH,)-CO,H-?, was similarly inactive. 


EXPERIMENTAL. 


4-p-Nitrophenylsulphonylbenzaldehyde.—4-Nitro-4’-methyldiphenyl sulphone, m. p. 170—171°, 
prepared by oxidation of the sulphide with 30% hydrogen peroxide in acetic acid at 100°, was oxidised 
with chromic oxide in acetic acid—acetic anhydride-sulphuric acid as described previously (Burton 
and Hu, J., 1948, 602). The intermediate 4-p-nitrophenylsulphony lidene diacetate, colourless 
prisms from 95% alcohol, m. p. 150—151° (Found: S, 7:5. CirH130s S requires S, 8-1%), was 
hydrolysed to the free aldehyde (74% yield), colourless prisms from 80% acetic acid, m. p. 214—215° 
(Found: C, 53-0; H, 3:3; N, 4-5; S, 10-9. C,;H,O,NS requires C, 53-6; H, 3-1; N, 4-8; S, 11-0%). 

4-2’ : 5’-Dihydroxyphenylsulphonylbenzaldehyde.—Finely powdered 2 : 5-dihydroxy-4’-cyanodiphenyl 
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sulphone (6 g.), prepared from p-benzoquinone and -cyanobenzenesulphinic acid, was added to a 
Stephen’s reagent from 9 g. of anhydrous stannous chloride in 130 c.c. of ether. The mixture was 

en mechanically for 7 hours, kept overnight, and the insoluble product decomposed with hot dilute 
hydrochloric acid. Crystalline material separated from the cooled solution; recrystallisation from 
dilute alcohol gave the aldehyde (5 g.), m. p. 200—201°, in nearly colourless prisms (Found: C, 55-8; 
H, 3-8. C43Hy,0;S requires C, 56-1 > H, 3-6%). 

5- Keto-2-phenyl-4-p-methylsulphonylbenzylidene-4 : 5-dihydro-oxazole.—p-Methylsulphonylbenz - 
aldehyde (6 g.; 0-033 mol.), hippuric acid (7 g.; 0-033 mol.), fused sodium acetate (8 g.), and acetic 
anhydride (30 c.c.) were heated on the steam-bath, with frequent shaking, for 1 hour. The mixture was 
then decomposed with hot water, filtered hot, and the residual crystalline material washed repeatedly 
with boiling water. As partial hydrolysis appeared to occur, the product (5 g.) was crystallised from 
acetic anhydride; it separated in yellow prisms, m. p. 186—187° (Found: C, 62-0; H, 40; N, 4-0. 
C4,H,30,NS requires c. 62-4; H, 4-0; N, 43%). 

Hydrolysis with warm dilute sodium hydroxide afforded a-benzamido-p-methylsulphonylcinnamic 
acid, m. p. 245—246° (decomp.), when crystallised from acetic acid (Found: C, 59-5; H, 4-5. 
C,,H,,0,NS requires C, 59-1; H, 4-3%). 

The following were similarly prepared. 5-Keto-2-phenyl-4-p-phenylsulphonylbenzylidene-4 : 5-di- 
hydvo-oxazole (73% yield), yellow prisms from acetic anhydride, m. p. 222—223° (Found: N, 3:4. 
C,,H,,0,NS requires N, 3-6%); a-benzamido-p-phenylsulphonylcinnamic acid, m. p. 226—227° from 
dilute acetic acid (Found: C, 64-6; H, 4-3. C,,H,,O,NS requires C, 64-9; H, 4-2%); 5-keto-2-phenyl- 
4-4’-p-chlorophenylsulphonylbenzylidene-4 : 5-dihydro-oxazole (60% yield), m. p. 212—213°, orange-red 
prisms from benzene (Found: C, 62-5; H, 3-4. C,,H,,O,NCIS requires C, 62-3; H, 3-3%); 5-keto-2- 
phenyl-4-4'-p-methoxyphenylsulphonylbenzylidene-4 : 5-dihydro-oxazole (90% yield), yellow prisms from 
acetic anhydride, m. p. 196—197° (Found: C, 65-3; H, 4-1. C,;H,,O,NS requires C, 65-9; H, 4:1%); 
5-keto-2-phenyl-4-4’-p-nitrophenylsulphonylbenzylidene-4 : 5-dihydro-oxazole (58%), m. p. 270—272° 
(Found: C, 60-8; H, 3-4; N, 6-6; S, 7-4. C,.H,,0,N,S requires C, 60-8; H, 3-2; N, 6-4; S, 7:°3%); 
5-heto-2-phenyl-4-p-N-acetylsulphamylbenzylidene-4 : 5-dihydro-oxazole (62% from -sulphamylbenz- 
aldehyde), orange-red prisms from acetic anhydride, m. p. 240—241° (decomp.) (Found: C, 58-2; 
H, 4-1 > S, 8-5. C,3H,,0,;N,S requires Cc. 58-4; H, 3-8; Ss, 8-6%). 

p-M ee ee Keto-2-phenyl-4-p-methylsulphonylbenzylidene-4 : 5-dihydro- 
oxazole (9 g.) was reduced with red — (5-6 g.) and hydriodic acid (d, 1-56; 35 c.c.) in acetic 
anhydride (35 c.c.) as described by Gillespie and Snyder (Org. Synth., Coll. Vol. II, 1943, 489). The 
amino-acid (5-5 g.) crystallised from water in nearly colourless prisms, m. p. 270° (decomp.) (Found : 
C, 49-5; H, 5-1; N, 5-6. C,9H,,;0,NS requires C, 49-4; H, 5-4; N, 5-7%). 

The following were similarly prepared. p-Phenylsulphonylphenylalanine (70%), m. p. 252° (decomp.) 
after crystallisation from dilute alcohol (Found: C, 58-9; 15H 450, requires C, 59-0; 
H, 4-9%); Se ee a ae (73%), micro-crystalline powder from 95% alcohol, 
m. p. 259° (decomp.) (Found : C, 52-8; H,4-0. C,;H,,0,NCIS requires C, 53-0; H, 4:1%); 4-p-hydroxy- 
phenylsulphonylphenylalanine (62% from the methoxy-compound), micro-crystalline powder from 30% 
alcohol, m. p. 265° (decomp.), which appeared to contain 1 molecule of water of crystallisation (Found : 
C, 53-1; H, 5-0; N, 4:3. C,,;H,,0,NS,H,O requires C, 53:1; H, 5-0; N, 41%); 4-p-aminophenyl- 
sulphonylphenylalanine (40%), yellowish prisms from water, m. p. 195° (decomp.) (Found: C, 56-5; 
H, 5-4; N, 84. C,,H,,0,N,5 requires C, 56-2; H, 5-0; N, 8-8%). 

p- Sulphamylphenylalanine.—5 - Keto-2-phenyl-4-p-N-acetylsulphamylbenzylidene-4 : 5-dihydro- 
oxazole (5 g.), suspended in 95% alcohol (60 c.c.), was heated at 75° (bath temp.) under reflux and stirred 
mechanically. 3% Sodium amalgam (26 g.) was added, and after 14 hours a further 26 g.; heating and 
stirring were then continued for a further 24 hours. The hot alcoholic filtrate was evaporated, and the 
residue dissolved in water (15 c.c.) and acidified (concentrated hydrochloric acid). The gummy product 
which separated solidified on keeping and crystallisation from alcohol gave colourless leaflets of 
a-benzamido-B-p-sulphamylphenylpropionic acid, m. p. 176—178° (Found: C, 55:3; H, 48. 
C,,H,,0,N,S requires C, 55-2; 46%). Hydrolysis of the crude product with boiling 10% hydrochloric 
acid (20 c.c.) for 3 hours, and repeated extraction with ether to remove benzoic acid, left a solution which 
was evaporated under reduced pressure; the resulting solid residue crystallised from absolute alcohol in 
colourless prisms (2-0 g.), m. p. 237° (decomp.), and was p-sulphamylphenylalanine hydrochloride (Found : 
C, 38-6; H, 4-6; Cl, 12-6. C,H,,0,N,CIS requires C, 38-5; H, 4-6; Cl, 12-65%). 

Attempted Decarboxylation of the Amino-acids.—The amino-acids were heated alone in a high vacuum, 
and in various solvents such as glycerol, “Sa aemancey: or high-boiling paraffin. In some cases traces 
of impure crystalline material were obtained. 

Substituted Cinnamic Acids.—The appropriate aldehyde was heated at 100° (bath temp.) with malonic 
acid in pyridine containing a little piperidine until effervescence ceased, and then treated with excess of 
6N-hydrochloric acid. Recrystallisation (from 2-ethoxyethanol except where stated otherwise) gave the 
cinnamic acids in 67—-87% yield. The following were prepared. -Methylsulphonylcinnamic acid, 
m. p. 288°; p-phenylsulphonylcinnamic acid, m. p. 298° (Found: C, 62-3; H, 4-5; S, 11-1. C,,H,,0,S 
requires C, 62-5; H, 4-2; S, 11:1%); 4-p-chlorophenylsulphonylcinnamic acid, m. p. 282° (Found : 
C, 55-4; H, 3-6; Cl, 10-9. C,,;H,,0,CIS requires C, 55-8; H, 3-4; Cl, 11-0%); ee ws ow 2 
sulphonylcinnamic acid, m. p. 259—261° (decomp.) (Found: C, 59-6; H, 4:7; S, 10-5. C,,H,,0,S 
requires C, 60-4; H, 4-4; S, 10-1%); 4-2’: 5’-dihydroxyphenylsulphonylcinnamic acid, prisms from 50% 
acetic acid, m. p. 262° (Found: C, 55-4; H, 4-0. C,;H,,0,S requires C, 56-0; H, 3-8%); 4-p-nitro- 
phenylsulphonylcinnamic acid, m. p. 273—275° (Found: C, 53-4; H, 3-2; N, 4-4. C,,H,,O,NS requires 
C, 54-0; H, 3-3; N, 42%); p-sulphamylcinnamic acid, prisms from acetic acid, m. p. 276° (decomp.) 
(Found : C, 47-5; H, 4:3; S, 14-0. C,H,O,NS requires C, 47-6; H, 4-0; S, 14-1%). 

Substituted Phenylpropionic Acids.—Except for the above nitro- and sulphamyl-acids, the cinnamic 
acids (as sodium salts in water) were reduced with hydrogen in presence of Raney nickel at ordinary 
temperature and pressure. The following were prepared in 77—90% yields. B-p-Methylsulphonyl- 
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phenylpropionic acid, m. p. 171°, prisms from 95% alcohol; B-p-phenylsulphonylphenylpropionic acid, 
m. p. 173—174°, plates from 30% alcohol (Found: C, 61-9; H, 4-9; S, 11-2. C,;H,,0,S requires 
C, 62:1; H, 4:8; S, 110%); B-4-p-chlorophenylsulphonylphenylpropionic acid, m. p. 194—195° from 
95% alcohol (Found: C, 55-8; H, 4:2; Cl, 10-9. C,,;H,,;0,CIS requires C, 55-5; H, 4-0; Cl, 10-9%) ; 
AC ae ge ge ny ionic acid, plates from 95% alcohol, m. p. 168° (Found: C, 
59-7; H, 5-0. 16H1,,0,5 requires C, 60-0; H, 5-0%); B-4-2’ : 5’-dihydroxyphenylsulphonylphenyl- 
propionic acid, prisms from 50% alcohol, m. p. 180° (Found: C, 55:7; H, 4:3; S, 10-1. C,,;H,,0,S 
requires C, 55-9; H, 4:3; S, 9-9%). 

The nitro-acid (above) could be reduced catalytically to B-4-p-aminophenylsulphonylphenylpropionic 
acid, the hydrochloride of which separated from 2n-hydrochloric acid in colourless prisms, m. p. 209° 
(decomp.) (Found : C, 53-1; H, 4-7. C,,;H,,0,NCIS requires C, 52-8; H, 4-7%), and the acetyl derivative 
of which crystallised from 50% alcohol in not very well defined form, m. p. 215°, which appeared to be a 
monohydrate (Found: C, 56-1; H, 4-8; N, 3:7; S, 8-5. Cj ,H,,O,NS,H,O requires C, 56-0; H, 5-2; 
N, 3-8; S, 8°7%). Owing to solubility difficulties it was found better to reduce the nitro-acid (3 g.) with 
iron powder (3 g.) in alcohol (37 c.c.) containing water (10 c.c.) and concentrated hydrochloric acid 
(0-5 c.c.). The crude 4-p-aminophenylsulphonylcinnamic acid thus formed was acetylated, and the 
resulting acetyl derivative, m. p. 237° after crystallisation from 50% alcohol (Found: C, 56-6; H, 4-4; 
N, 3-6; S, 8-4. C,,H,,0;NS,H,O requires C, 56-2; H, 4:7; N, 3-8; S, 8-8%), reduced catalytically as 
the sodium salt to B-4-p-acetamidophenylsulphonylphenylpropionic acid, m. p. and mixed m. p. 215°. 

p-Sulphamylcinnamic acid (3 g.) was reduced with 3% sodium amalgam (70 g.) in dilute sodium 
hydroxide (20 c.c.) during 3—4 hours. The resulting f-p-sulphamylphenylpropionic acid (2-5 g.) 
crystallised from water in colourless small plates, m. p. 148—150° (Found : S, 14-4. C,H,,0,NS requires 
S, 140%). 

2-Substituted Ethylamines.—The substituted ne a, acid was refluxed with a slight excess 
of thionyl chloride and 1 drop of pyridine in dry chloroform for } hour, and the volatile products removed 
by distillation under reduced pressure. The acid chloride, usually a syrup, was then dissolved in acetone 
and stirred vigorously during the addition of the requisite amount of 25% aqueous sodium azide. The 
mixture was stirred for a further 10 minutes at 0°; cold water was added to precipitate the azide, which 
_ was then collected and dried in a vacuum desiccator. The dry azide was warmed cautiously in dry 

benzene and oy 4 boiled for 5 minutes; 2N-hydrochloric acid was then added, the benzene removed by 
distillation, and the resulting acidic solution filtered (if necessary) whilst still hot from any tar. The 
filtrate was evaporated to dryness and the resulting amine hydrochloride crystallised. The following 
were prepared in yields of 40—60%. ane eg ye! hydrochloride, colourless 

risms from absolute alcohol, m. p. 204° (Found: N, 5-8; Cl, 15-2. Calc. for C,H,,O,NCIS: N, 5-9; 
Cl, 15-1%); 2-p- henylsulphonylphenylethylamine hydrochloride, colourless long needles from water, 
m. p. 184—185 (round : C, 56-0; H, 5-5; Cl, 11-6. C,,H,,O,NCIS requires C, 56-5; H, 5-4; Cl, 


119%) ; ee ee ae ee ee hydrochloride, small plates from absolute alcohol, 


m. p. 251° (Found: C, 50-5; H, 4:4. C,,H,,O,NCI,S requires C, 50-4; H, 48%); —<—JoT. 
phenylsulphonylphenylethylamine hydrochloride, needles from 2Nn-hydrochloric acid, m. p. 170° (Found : 
C, 54-6; H, 5-3; Cl, 11-3. C,,H,,0,NCIS requires Cl, 11:4%); 2-4’-2” : 5’’-dihydroxyphenylsulphonyl- 
phenylethylamine hydrochloride, prisms from 2N-hydrochloric acid, m. p. 197° (Found: N, 4-0; S, 9-7. 
C,4H,,O,NCIS requires N, 4:3; S, 97%). 2-4’-p-Aminophenylsulphonylphenylethylamine was best 
isolated as the free base, m. p. 129° after crystallisation from alcohol (Found: C, 61-1; H, 5-6. 
C,,H,,O,N,S requires C, 60-9; H, 5-8%), as was 2-p-sulphamylphenylethylamine, m. p. 149° after 
crystallisation from alcohol (Found : C, 48-0; H, 6-1. C,H,,0,N,S requires C, 48-0; H, 6-0%). 

1-Substituted Ethylamines.—The appropriate ketone (1 mol.) and ammonium formate (4 mols.) were 
heated gradually to 180—185° and kept at this temperature for 3 hours. The cooled product 
was extracted with a little cold water, and the insoluble material hydrolysed with boiling concentrated 
hydrochloric acid. The following were prepared in yields of 50—66%. 1-p-Methylsulphonylphenyl- 
ethylamine hydrochloride, m. p. 278° (Fuller, Tonkin, and Walker, Joc. cit., give m. p. 274°) (Found : 
Cl, 15-2. Calc. for CgH,,O,NCIS : Cl, 15:1%); 1-p-phenylsulphonylphenylethylamine, prisms from dilute 
alcohol, m. p. 85° (Found: N, 5-0. C,,H,,0,NS requires N, 5-4%), and its hydrochloride, m. p. 218—219° 
after crystallisation from alcohol (Found: C, 56-7; H, 5-3. C,,H,,0,NCIS requires C, 56-5; H, 5-4%); 
1-p-sulphamylphenylethylamine, colourless prisms from water, m. - 172° (Found: C, 48-3; H, 6-3; 
N, 14:4; S, 16-2. C,H,,0,N,S requires C, 48-0; H, 6-0; N, 14-0; S, 16-0%). 

p - Methylsulphonyldiphenylmethylamine, p-Me*SO,°C,H,*CHPh:NH,.—+ - Methylsulphonylbenzo- 
phenone was treated with ammonium formate as described above. The amine (yield, 62%) crystallised 
from benzene-light petroleum in colourless plates, m. p. 92—93° (Found: C, 63-7; H, 5-7; N, 5-5. 
C,,H,,0,NS requires C, 64-4; H, 5-8; N, 5-4%). 

Phenylsulphonyldiphenylmethylamine, p-Ph*SO,°C,H,*CHPh*-NH,.—Similar condensation of 
p-phenylsulphonylbenzophenone with ammonium formate gave the above amine (80%), m. PB. 154—155° 
after crystallisation from 30% alcohol (Found: C, 70:6; H, 5-4; N, 3-9. C,,.H,,O,NS requires 
C, 70:6; H, 5-3; N, 42%). F , 

Dhyana eer me p-NH,’SO,°C,H,*COMe.—p-Aminoacetophenone (6 g.) in 2N-hydrochloric 
acid (60 c.c.) was diazotised with sodium nitrite (4-2 g. in 15 c.c. of water) and then treated with sodium 
acetate trihydrate (12 g.). This solution was then added gradually with vigorous stirring to potassium 
ethyl xanthate (17 g.) in water (30 c.c.) at 70—80° and kept at this temperature for 1 hour. The oily 

roduct was extracted with ether and then refluxed with alcohol (40 c.c.) containing potassium hydroxide 
{2-3 g.) and glucose (2-3 g.) for 3 hours. The alcohol was removed by distillation, the aqueous residue 
acidified with dilute sulphuric acid, and the free thiol removed by steam-distillation. The ether-soluble 
material from the steam-distillate was oxidised by excess of anhydrous ferric chloride in acetic acid, 
giving impure 4: 4’-diacetyldiphenyl disulphide (20%), which crystallised from light petroleum in 
colourless plates, m. p. 92—93° (Found: S, 23-0. C,,.H,,0,S, requires S, 21-2%). The crude disulphide 
(2-4 g.) in cold 80% acetic acid (60 c.c.) was treated with a solution of chlorine (3-2 g.) in 80% acetic acid 
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(60 c.c.), the mixture being shaken vigorously for 10 minutes. Dilution with water precipitated the 
sulphonyl chloride which was filtered off, and while still moist was treated with solid ammonium 
carbonate (4 g.) and chloroform (20 c.c.). The mixture was evaporated to dryness on the steam-bath, 
and the crystalline residue washed repeatedly with cold water; the resultant p-sulphamylacetophenone 
(1-0 g.) crystallised from water in colourless prisms, m. p. 178—179° (Found: C, 48-6; H, 4-5. 
C,H,O,NS requires C, 48-2; H, 4-5%). 

An attempted preparation of the above disulphide from diazotised p-aminoacetophenone (4-5 g.) and 
sodium disulphide (0-037 mol.) in water (10 c.c.) first at below 5° and then at room temperature for 
2 hours gave 4: 4’-diacetyldiphenyl sulphide (2-5 g.), almost colourless plates from light petroleum, 
m. p. 88° (Found: S, 12:1. C,,H,,0,S requires S, 11-85%). Oxidation with 30% hydrogen peroxide in 
acetic acid at 100° gave 4: 4’-diacetyldiphenyl sulphone, prisms, m. p. 209° (Found: C, 63-1; H, 4-8; 
Ss, 10-4. C,.H,,0,S requires C, 63-6; H, 4°6; S, 10-6%). 

We thank the British Council for a scholarship, and the Universities China Committee for financial 
assistance, to one of us (P. F. H.). We are indebted to Messrs. Imperial Chemicals (Pharmaceuticals) 
Ltd., Manchester, for the antibacterial tests. 
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42. An Investigation of Wada’s Method of Converting «-Amino- 
acids into 2-Substituted Ethylamines. 


By H. Burton and P. F. Hu. 


The reaction (Wada, Biochem. Z., 1933, 260, 47), whereby an a-amino-acid is converted into 
a 2-substituted ethylamine by hydrolytic decarboxylation of the corresponding hydantoin, 
could not be repeated: the amino-acid was regenerated in each case. Some observations 
on the Rimini reaction for primary amines are recorded. 


Wana (loc. cit.) has reported that amino-acids (I) can be decarboxylated advantageously 
through the hydantoins (II) formed from (I) and urea, since he found that (II) were hydrolysed 
by acid or alkali to the 2-substituted ethylamines (III) in good yield: 


CO-NH 
—> CH,R-CH,NH, + 2CO, + NH, 


CH,R-CH(NH,)"CO,H —-> CH,R-CH d 
(I.) (II.) ‘NH-CO (III.) 


Wada described the preparation of a large number of amines by this procedure: these were 
usually identified as picrates, and the formation of the amine was often deduced from the 
Rimini reaction. 

We were rather surprised at the ease with which this conversion was stated to occur, since 
hydantoins have been used as intermediates for the preparation of a-amino-acids (cf. Harries 
and Weiss, Ber., 1900, 38, 3419, for glycine; Wheeler and Hoffman, Amer. Chem. J., 1911, 45, 
368, for tyrosine). We have investigated this hydrolytic decarboxylation reaction, starting 
with representative amino-acids of the type p-R°SO,°C,H,°CH,°CH(NH,)°CO,H (R = NH,, 
Me, Ph, or ~-C,H,Cl) (Burton and Hu, preceding paper), and, as expected, found that hydrolysis 
of two of the corresponding hydantoins gave the original amino-acids. 

In one experiment, 4-p-methylsulphonylbenzylhydantoin was refluxed with concentrated 
barium hydroxide solution for 16 hours, care being taken to prevent any absorption of carbon 
dioxide from the atmosphere. The barium carbonate formed during the hydrolysis was removed 
and the residual barium ion determined as sulphate. It was found that approximately 1 mol. 
of carbon dioxide was liberated during the hydrolysis. Actually, the hydantoins often showed 
a considerable resistance to cleavage by boiling dilute acid or alkali: they were hydrolysed, 
however, by the concentrated reagents. 

We have repeated two of Wada’s experiments, using glycine and tyrosine, and, as expected, 
the original amino-acids were again recovered. Wada claimed to have separated methylamine 
as the picrate from the resulting solution after hydantoin had been hydrolysed by boiling 
concentrated hydrochloric acid for a long time. No mention was made about the separation 
of ammonium chloride from the solution on cooling; we found that 4 g. (= 0°075 mol.) of 
ammonium chloride were thus obtained when 5 g. each of glycine (0°066 mol.) and urea (0°08 mol.) 
were originally used. 

Mention should be made of the Rimini reaction which was also used by Wada to detect 
the presence—presumably after basification—of the primary amines in the reaction mixtures. 
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We have investigated this colour test with all the substances, except hydantoin} which could be 
present in the hydrolysis product from glycine, under the following conditions : 


Aqueous solution ... NH,Cl NH,MeCl Glycine NaHCO, NH; NH,Cl NH,;MeCl Glycine 
with with with 
NaHCO, NaHCO, NaHCO, 

Rimini test _ _ 4+ + ok + 


We think that further comment is unnecessary. 


EXPERIMENTAL. 


4-p-Sulphamylbenzylhydantoin.—p-Sulphamylphenylalanine hydrochloride (2 g.) in water (20 c.c.) 
was made faintly alkaline with dilute sodium hydroxide, urea (1 g.) added, and the solution refluxed 
for 3 hours. The cooled solution was acidified with dilute hydrochloric acid and evaporated on the 
steam-bath. The crystalline hydantoin was collected, washed with a little cold water, and air dried; 
yield 1-4 g. (68%), m. p. 206—207° (decomp.) (Found: C, 41-6; H, 4-5; N, 14:3. C,)H,,0O,N;S,H,O 
requires C, 41-8; H, 4:5; N, 146%). 

4-p-Methylsulphonylbenzylhydantoin.—A mixture of p-methylsulphonylphenylalanine (1 g.), barium 
hydroxide octahydrate (0-4 g.), and urea (0-5 g.) in water (40 c.c.) was boiled gently for 3 hours, filtered 
whilst still hot, and the filtrate acidified with hydrochloric acid. Evaporation gave crystals of the 
hydantoin which separated from aqueous acetic acid (1:1 by volume) in colourless fine prisms, m. p. 
214° (decomp.) (Found: C, 49-2; H, 4-5. C,,H,,0,N,S requires C, 49-2; H, 4-5%); yield 0-9 g. (84%). 

4-p-Phenylsulphonylbenzylhydantoin, m. p. 226—228° (decomp.) from aqueous acetic acid (Found : 
C, 57-7; H, 45. C,.H,,0,N,S requires C, 58-1; H, 4-3%), was similarly prepared in 74% yield from 
p-phenylsulphonylphenylalanine. 

4-4’-p-Chlorophenylsulphonylbenzylhydantoin, m. p. 228—229° (decomp.) from acetic acid (Found: 
C, 50-4; H, 3-9. C,,H,,0,N,CIS,H,O requires C, 50-2; H, 3-9%), was similarly obtained in 83% 
yield. It is possible that this compound and the sulphamy] analogue are the corresponding ureido-acids 
since the analytical data indicate 1 molecule of water of crystallisation in each case. 

Hydrolysis of 4-p-Methylsulphonylbenzylhydantoin.—(a) The hydantoin (0-8 g.; 0-003 mol.) and 
barium hydroxide octahydrate A.R. (2-14 g.; 0-0068 mol.) in water (20 c.c.) were refluxed for 16 hours 
in a ground-glass apparatus with a soda-lime guard tube. The precipitate which separated was filtered 
off and washed repeatedly with boiling water, and the barium ion in the filtrate determined as sulphate 
(Found: 0-8 g.; 0-0034 mol.) by precipitation with dilute sulphuric acid. Concentration of the acidic 
filtrate and subsequent neutralisation with dilute aqueous ammonia gave a solid (0-6 g.), m. p. 266°, 
raised to 270° (decomp.) by crystallisation from water, and unaffected by admixture with the original 
amino-acid. 

(b) The hydantoin (0-5 g.) was refluxed with concentrated hydrochloric acid (10 c.c.) for 16 hours, 
the resulting solution evaporated to dryness, and the residue dissolved in the minimum amount of water. 
Neutralisation with ammonia gave the original amino-acid, m. p. and mixed m. p. 270° (decomp.). 

Hydrolysis of 4-4’-p-Chlorophenylsulphonylbenzylhydantoin.—(a) The hydantoin was recovered 
ental after 18 hours’ treatment with boiling 30% sulphuric acid. 

(6) Hydrolysis of the hydantoin (0-5 g.) with boiling 2% sodium hydroxide (10 c.c.) for 40 hours or 
10% sodium hydroxide (10 c.c.) for 18 hours gave, on acidification with acetic acid, the original amino-acid, 
m. p. and mixed m. p. 258° (decomp.) after crystallisation from alcohol. 

Attempted Preparation of Methylamine from Glycine.—Following Wada’s method (loc. cit.), 
glycine (5 g.), urea (5 g.), and 0-4N-barium hydroxide (25 c.c.) were refluxed for 3 hours. The solution 
was then acidified with sulphuric acid, filtered, and the filtrate evaporated almost to dryness. The 
residue was refluxed with concentrated hydrochloric acid (25 c.c.) for 16 hours. The cooled solution 
deposited ammonium chloride (4 g.) which was identified by (i) liberation of ammonia, etc., (ii) analysis 
of the ammonium chloroplatinate. The filtrate was evaporated to dryness and the residue extracted 
with hot absolute alcohol. The cooled alcoholic extract deposited needles of impure glycine hydrochloride, 
m. p. 160—170° (which could not be improved, probably because of a trace of admixed ammonium 
chloride), which were acidic to methyl-orange and when made alkaline with sodium hydroxide gave 
only a faint ammoniacal odour. Methylamine could not be detected either as the hydrochloride (m. p. 
226°) or picrate. 

Attempted Decarboxylation of Tyrosine.—.-Tyrosine (decomp. 325—326°) (2 g.), urea (1 g.), and barium 
hydroxide octahydrate (0-2 g.) in water (100 c.c.) were refluxed for 2 hours, filtered hot, and the filtrate 
acidified with hydrochloric acid. Evaporation then gave the hydantoin, m. p. 264°. This was recovered 
unchanged after 3 hours’ boiling with 2% sodium hydroxide, but 16 hours’ boiling with concentrated 
hydrochloric acid regenerated tyrosine, decomp. 325—326°. , 
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43. Aryl-2-halogenoalkylamines. Part I. 
By W. C. J. Ross. 


The preparation of a number of aryl-2-halogenoethylamines is described. A study has been 
made of the hydrolysis of these amines in aqueous acetone. 


In view of the cytotoxic action of aliphatic 2-chloroethylamines particularly towards those 
tissues that are in a state of active proliferation (summaries of this work are to be found in 
“* Approaches to Tumour Chemotherapy ”, Washington, 1947, and in an article by Haddow, 
Brit. Med. Bull., 1947, 4, 422) it was considered desirable to prepare and examine a series of 
2-halogenoethyl derivatives of aromatic amines. It has been shown that in the aliphatic series 
of compounds two 2-chloroethyl substituents are essential for activity and this now appears to 
be the case for the aromatic series, hence this paper deals mainly with the preparation of 
aryldi-(2-chloroethyl)amines. 

There are a number of methods available for the preparation of N-2-hydroxyethy] derivatives 
of aromatic amines. NN-Di-(2-hydroxyethyl)aniline has been prepared by the successive 
replacement of the hydrogen atoms in the amino-group of aniline using ethylene chlorohydrin 
(Knorr, Ber., 1889, 22, 2093) and also by the action of two equivalents of ethylene oxide on 
aniline (Gabel, Ber., 1925, 58, 577). Anker, Cook, and Heilbron (jJ., 1945, 917) have prepared 
NN-di-(2-hydroxyethyl)-p-anisidine by the action of ethylene chlorohydrin on -anisidine 
without the use of a solvent and there are examples in the patent literature (for instance, U.S.P. 
2,044,045) of the production of dihydroxy-compounds by the condensation of aromatic amines 
with ethylene chlorohydrin in aqueous suspensions of calcium carbonate. 2 : 4-Dinitro-NN-di- 
(2-hydroxyethyl)aniline has been obtained by heating 1-chloro-2 : 4-dinitrobenzene with 
diethanolamine (Waldkétter, Rec. Trav. chim., 1939, 58, 132). 

The 2-hydroxyethyl compounds described in the present paper have been prepared from the 
aromatic amine by the action of ethylene chlorohydrin in aqueous solution or of ethylene oxide 
in sealed tubes. The various amines studied vary in their reactivity towards ethylene oxide 
for whilst aniline, o-, m-, and p-toluidine, o- and p-anisidine, «- and $-naphthylamine, and 
p-xenylamine react at 90° to give disubstituted products, 2-aminofluorene and p-aminostilbene 
afford monosubstituted derivatives at this temperature. At 150° p-aminostilbene gives the 
disubstituted compound as does p-chloroaniline while o-xenylamine yields a monosubstituted 
product and o- and m-chloroaniline, 2 : 5-dichloroaniline, and o- and p-nitroaniline do not react 
at this temperature. -Phenylenediamine reacts very vigorously with ethylene oxide at 90° 
and benzidine, o-tolidine, and o-dianisidine react at 150° to give NNN’N’-tetra-(2-hydroxy- 
ethyl) compounds. In general the most basic arylamines react the most readily with ethylene 
oxide. 

Robinson and Watt (J., 1934, 1536) first prepared N.N-di-(2-chloroethyl)aniline and Anker, 
Cook, and Heilbron (loc. cit.) obtained the corresponding p-anisidine derivative : the remaining 
arylhalogenoethylamines now described do not appear to have been prepared before.* It has 
been found that the best yields in the chlorination of the hydroxy-compounds are obtained 
when phosphorus oxychloride is used; lower yields result when phosphorus pentachloride or 
thionyl chloride is employed. The 2-chloroethyl derivatives are weak bases and are not 
extracted from organic solvents by dilute mineral acids whereas the parent hydroxy-compounds 
can be so extracted. A preliminary purification of the product of chlorination is thus obtained 
when the reaction mixture is shaken with watet and benzene for the chloro-compounds pass 
into the benzene layer whilst any unchanged material remains in the aqueous layer which contains 
acid arising from the hydrolysis of the excess of chlorinating agent. 

NN-Di-(2-chloroethyl)-p-aminostilbene has been prepared by two methods: first by the 
chlorination of the di-(2-hydroxyethyl) compound, and secondly by Professor Kon and Mr. 
Everett (personal communication) by the action of benzylmagnesium chloride on NN-di-(2- 
chloroethyl)-p-aminobenzaldehyde (Anker and Cook, J., 1944, 489)—the carbinol first formed 
dehydrates during the working up affording the required stilbene derivative. Oxidation of the 
above aldehyde by potassium permanganate in acetone solution gives NN-di-(2-chloroethyl)-p- 
aminobenzoic acid. 

The bromoethyl derivatives have been prepared by the action of phosphorus tribromide on 

* Added September 13th, 1948.—Cerkovnikov and Stern (Archiv Kem., 1946, 18, 12; Chem. Abs., 1948, 


1938) have described the preparation of di-(2-bromoethyl)aniline, m. p. 52—53°, by the action of hydrogen 
bromide on phenylmorpholine. 
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the hydroxy-compounds and the iodoethyl derivatives have been obtained by heating these 
bromo-compounds with sodium iodide in dry acetone solution. A list of the compounds 
prepared in this work is given in Table I. 

A number of the halogen compounds now described exhibit a remarkably strong photo- 
luminescence. This is particularly noticeable in the case of NN-di-(2-chloroethy])-p-anisidine, 
p-chloro-N N-di-(2-chloroethyl)aniline, and p-chloro-N N-di-(2-bromoethyl)aniline and to a lesser 
extent in the chloroethyl derivatives of aniline and p-toluidine. When these substances are 
exposed to the light from a mercury arc which has passed through Wood’s glass they momentarily 
fluoresce a dull blue colour and this soon gives rise to an intense yellow-green luminescence 
which persists for at least five seconds after switching off the light source. The photo- 
luminescence is only observed in the crystalline form and so, as in the case of inorganic phosphors, 
the effect is probably due to small amounts of impurities in the crystal lattice—these may be 
phosphorus compounds which are formed during the chlorination. In support of this view is 
the fact that the intensity of luminescence gradually diminishes when the compound is purified 
by recrystallisation or by chromatography. Tetraphenylmethane was prepared for comparison - 
with the above phosphors (see Clapp, J. Amer. Chem. Soc., 1939, 61, 527): our compounds 
showed a much greater intensity of luminescence. The only organic compound of the many 
examined in these laboratories which showed a photoluminescence comparable to that of the 
arylhalogenoethylamines was triphenylene which exhibits a beautiful red afterglow of at least 
ten seconds’ duration. 

Most of the hydroxyethyl and halogenoethyl compounds described are light-sensitive and 
develop deep colours on exposure to air especially in dilute solutions. 

Table II shows the rate of hydrolysis of several of the chloroethylamines in 1 : 1 acetone- 
water at 37°. This temperature was chosen because of the interest in the biological activity of 


TABLE II. 


Concentration of reactants: 5 Millimols. of amine in 250 c.c. each of acetone and water. 
Temperature: 37°. 


A. NN-Di-(2-chloroethyl)aniline. B. NN-Di-(2-chloroethyl)-m-toluidine. 
C. NN-Di-(2-chloroethyl)-p-toluidine. D. NN-Di-(2-chloroethy])-p-anisidine. 
E. B-Naphthyldi-(2-chloroethyl)amine. 

: A. ¥. C. D. E.t 
Time, = * NJ os a) —— A a] c An — 
hours. H,%.* Cl, %. %. %. H,%. Cl, %. H,% Cl, %,. 

10 17 31 31 51 51 10 

24 30 51 71 71 25 

48 45 ° 70 85 84 38 


72 58 81-5 92-5 92 53 
120 71 93 100 98 65 


* These figures are based on complete hydrolysis to the di-(2-hydroxyethyl) compound. 
+ This compound is rather less soluble and was dissolved in 350 c.c. each of acetone and water: 
during its hydrolysis a brown colour developed in the solution. 





these substances and aqueous acetone was used as solvent because of the low water solubility 
of the compounds—for example, NN-di-(2-chloroethyl)aniline has a solubility of approximately 
20 mg. per litre of water. The rates of hydrolysis of the compounds as measured by the liberation 
of hydrogen or chloride ions are practically unimolecular with respect to the amine (Fig. 1). 
Since this hydrolysis occurs in the presence of a large excess of water the kinetic order of the 
reaction does not indicate its mechanism. The hydrolysis of the chloroethylamines involves a 
number of consecutive steps : 


CH,-CH,Cl H,¢H,+Cl uo H,-CH,-OH 
RN < 2 2 => RN “a 2 2 2 RN . 2 2. 
CH,CH,Cl H,°CH,Cl H,-CH,Cl 


(I.) (II.) (III.) 


CH;CH;OH = yo CH,CH,OH , 


— > RN +H (V.) 


(IV.) RN ¥ 
H,CH, + Cl H,CH,-OH 


If, as seems likely from the experience with the aliphatic chloroethylamines (Hanby, Hartley, 
Powell, and Rydon, J., 1947, 520), the rate of hydrolysis of the chlorohydrin (III) is considerably 
greater than that of the original amine (I) then the rate of production of hydrogen and chloride 
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ions will be controlled by the rate of hydrolysis of (I). There is evidence that the reaction is of 
the Syl type and that the rate-determining step is the initial ionisation of (I). The slowing up 
of the rate of hydrolysis by the addition of chloride ions supports this mechanism (Table III). 


Fic. 1. 


> ~ ~ Z 
Ss NS W Dd 


log 1/(1-fraction of base hydrolysed at 37°). 
Ss > 


i i 4 








020 60... 80100720 
— Aours. 


1. NN-Di-(2-chloroethyl)-p-anisidine, . NN-Di-(2-chloroethyl) aniline. 
2. NN-Di-(2-chloroethyl)-p-toluidine. 5. B-Naphthyldi-(2-chloroethyl) amine. 
3. NN-Di-(2-chloroethyl)-m-toluidine. 


TaBLE III. 
Hydrolysis of NN-di-(2-chloroethyl)aniline at 37°. 


A-D, 5 Millimols. of amine dissolved in 250 c.c. each of acetone and water: A plus 10 millimols. of 
sodium hydrogen carbonate; B plus 86 millimols. of sodium chloride; C plus 10 millimols. of sodium 
thiosulphate; D plus 10 millimols. of sodium thiosulphate and 86 millimols. of sodium chloride; E, 5 
Millimols. of amine dissolved in 250 c.c. each of ethanol and water. 


Cc. D. 
A. B. . on . E. 
¢ A . 7 A i. % consumption % consumption =... 
H,%. Cl, %. H, %. Cl,%. of thiosulphate.* of thiosulphate. H,%. Cl, %. 
20 20 2°5 — 20 20 31 31 
38 39 5 — 44 44 54 54 
58 59 9 — 74 72 75 717 
69 70 12-5 — 91 89 87 89 


* Based on the replacement of both chlorine atoms. 


During the hydrolysis of the chloroethylamines in the absence of added ions the chloride-ion 
concentration will be continuously increasing and eventually the back reaction by which (I) 
is re-formed from (II) will become an important factor and the overall rate of hydrolysis will 
decrease. If an ion which has a very high competition factor for (II) as compared with the 
chloride ion is present in the solution (compare Price and Wakefield, J. Org. Chem., 1947, 12, 
232) then the back reaction referred to will not be important and the rate of disappearance of 
the amine (I) will not be slowed up by the increasing chloride-ion concentration. The 
thiosulphate ion is known to have a very high competition factor for the ions derived from 
aliphatic chloroethylamines, and Table III shows that the rate of disappearance of the original 
amine is greater in the presence of thiosulphate; even when the chloride-ion concentration is 
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raised to 0°086m by the addition of sodium chloride, there is no slowing up of the rate of reaction 
in the presence of thiosulphate. 

The effect of substituents in the aromatic ring of the arylchloroethylamines on the rates of 
hydrolysis also supports an Sxl mechanism. Table IV shows that the variation in velocity of 
reaction in aqueous acetone at 66°—this temperature, which is the b. p. of the mixture, was 
chosen so that a more rapid comparison of the rates could be made—for substituted NN-di-(2- 
chloroethyl)anilines is in the order: o-MeO > o0-Me > p-MeO > p-Me > m-Me > H> p-Ph > 
p-Cl > p-CHO, p-CO,H, and 2: 4-(NO,),. Table IV also shows the rates of hydrolysis of some 


TABLE IV. 


Volume acetone : % Hydrolysis pk, of 
water (0-5 mM. in 30 mins. parent 
Compound. 
NN-Di-(2-chloroethyl)- 
aniline 
o-toluidine 
m-toluidine 
p-toluidine 
o-anisidine 
p-anisidine 
p-chloroaniline 
p-xenylamine 
2 : 4-dinitroaniline 
a-naphthylamine 
f-naphthylamine 
p-aminobenzaldehyde 
p-aminobenzoic acid 
p-aminobenzoic acid (Na salt, see p. 191) 
p-aminostilbene 
NNN’N’-Tetra-(2-chloroethy])- 
benzidine 
o-tolidine 


Ps 
lel SRSaes 


de 
= oO 
= bo 


ltd] 


B-naphthylamine 
p-anisidine 


N-Ethyl-N-(2-chloroethy])aniline : . = 


other less soluble chloroethylamines at various concentrations: Fig. 2 shows the variation 
in the amount of hydrolysis with dilution for the derivative of p-anisidine. The retarding effect 
of the increasing chloride-ion concentration becomes less important at higher dilutions and the 
rate of hydrolysis approaches a constant value. 


Fic. 2. 


in 30 mins. at 66°. 
| 
S 


Hydrolysis % 
Nn 
Nn 


s 


i i i 


40 80 720 160 
c.c. each of acetone and water 
per 0:5 mM.of amine. 
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It will be observed that with two exceptions which will be discussed later the order of the’ 
rates of hydrolysis of the chloroethylamines of the type (VI) is the same as the order of basicities 
of the parent arylamines of general formula (VII). This basicity is dependent on the relative 
availability of the lone pair of electrons on the nitrogen atom. Substituent groups which cause 
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a displacement of electrons towards the nitrogen atom will clearly increase the basicity of the 
amine. These same groups will increase the ease with which the chlorine atom will ionise 


CH,°CH Cl H CH,°CH,°OH 
— 2" — ¢ « @ Y — 2 f 2° 2° -_ 
(VI.) (VII.) 


away from the rest of the molecule, and from what has already been said this will lead to an 
increased rate of reaction. If the hydrolysis were of the S,y2 type the effects of the substituents 
on basicities and rates of hydrolysis would be in opposite directions (compare Baddiley and 
Bennett, J., 1933, 261). 

The exceptions mentioned above are the compounds derived from o-anisidine and o-toluidine 
and with these can be grouped the derivative of «-naphthylamine which also hydrolyses at a 
much greater rate than would be expected from the basicity of the parent amine. The basic 
strength of these o-substituted amines is considerably lower than would be expected from their 
structures if one considers only the electron displacements caused by the substituents. Hall 
and Sprinkle (J. Amer. Chem. Soc., 1932, 54, 3469) give figures for the pK, values of alkylated 
amines which help to explain this abnormality—the figures relevant to the present problem are 
given in Table V. It will be seen from these that while monoalkylation of o-toluidine causes a 


TABLE V. 
pK,-NH,. pK,NHMe. pK,-NMe,. pA,-NHEt. pK,-NEt,. 
4-58 4-85 5-06 511 6-56 
o-Toluidine .: 4-39 4-59 5-86 4-92 7-18 
m-Toluidine 4:69 4-94 5-24 — — 
p-Toluidine 5-07 5-33 5-50 5-67 7-09 
a-Naphthylamine 3-92 3-70 4-88 = oo 


normal increment in basicity, dialkylation produces an abnormally large increase; the same 
is true in the case of «-naphthylamine and almost certainly so in the case of o-anisidine, though 
no figures are given by Hall and Sprinkle. It would appear that the o-substituted arylamines 
have unusually low basicities because of an interaction between the hydrogen atom of the 
amino-group and the substituting group. The compounds described in the present paper are 
of course dialkylated derivatives and hence the rates of hydrolysis will be a more accurate 
measure of the electron-repelling power of the substituting group. This partially explains the 
high rate of reaction of the o-substituted compounds and of the derivative of «-naphthylamine 
though it must be admitted that the observed rates are still considerably higher than would be 
expected even from a comparison of the basicities of the dialkylated amines. 

The rate of hydrolysis of NN-di-(2-chloroethyl)aniline is considerably less than that of 
N-ethyl-N-2-chloroethylaniline and this is probably due to the electron-attracting capacity of 
the second chlorine atom. In the disubstituted compound the mutual effect of the chlorine 
atoms will be to decrease the negative charge on each. The electron-attracting capacity of the 
chlorine atoms is shown in the low basicities of the two compounds mentioned above. In 
preliminary measurements at 25° using 50% aqueous alcohol Mr. Goss of this Institute finds 
pK, = 2:2 for the dichloro-compound and pK, = 3°5 for the monochloro-compound as compared 
with diethylaniline, pK, = 5°84. 

The hydrolysis of the arylchloroethylamines in aqueous solutions was expected to follow 
the same pattern as that observed for the corresponding aliphatic series (Golumbic, Fruton, and 
Bergman, J. Org. Chem., 1946, 11, 518; Hanby e# al., loc. cit.; Bartlett, Davis, Ross, and 
Swain J. Amer. Chem. Soc., 1947, 69, 2977) except that the rates of hydrolysis would be slower 
owing to the lower basicities of the compounds. It is now apparent that there are important 
differences between the two series. In unbuffered solution the aliphatic compounds rapidly 
liberate one equivalent of chloride ion and more slowly liberate one equivalent of hydrogen ion 
—the reaction stops without the release of the second chlorine atom. In aqueous acetone 
solutions methyldi-(2-chloroethyl)amine is rapidly converted into a cyclic dimer and less than 
10% of hydrolysis occurs; on the other hand the ethyl homologue undergoes a far greater 
proportion of hydrolysis with less dimerisation (Bartlett e¢ al., loc. cit.). The aromatic derivatives 
react with aqueous acetone giving continuous replacement of the chlorine atoms, and there is no 
dimerisation and no indication of the existence of appreciable amounts of quaternary nitrogen 
compounds in the solution as shown by the fact that the liberation of chloride ion is always 
accompanied by an equivalent amount of hydrogen ion. In the case of aliphatic compounds 
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the liberation of chloride ion probably stops when 50% reaction has occurred because the 
chlorohydrin is stabilised by salt formation giving (VIII). 

The positive charge on the nitrogen atom will oppose the ionisation of the second chiorine atom 
and hydrolysis will be arrested. As the aromatic derivatives are much weaker bases the amount 
of salt formation under the conditions of the hydrolysis will be small and most of the inter- 
mediate chlorohydrin will be present as the free base and will be able to hydrolyse further. It 
has already been suggested that the chlorohydrin will hydrolyse more readily than the original 
di-(2-chloroethyl)amine—an attempt to make this compound by the action of ethylene dichloride 
on N-2-hydroxyethylaniline gave N-phenylmorpholine; if it hydrolyses at a very much slower 
rate one would expect to be able to isolate it from the reaction mixture as is the case with the 
aliphatic compounds. From a solution of the p-anisidine derivative which had reached 50% 
elimination of chloride ion only NN-di-(2-chloroethyl)- and NN-di-(2-hydroxyethy]l)-p-anisidine 
could be isolated in amounts which accounted for the whole of the amine originally present. 
Only the pure di-(2-hydroxyethyl) compound is present in solutions in which 100% elimination 
of chloride ion has occurred. This is an additional proof that no dimerisation occurs in the case 
of the aromatic compounds. 

The hydrolysis of the di-(2-bromoethyl)amines examined proceeds at a considerably faster 
rate than that of the corresponding chloro-compounds and the iodo-derivatives are decomposed 
at an even greater rate, but in the last case the reaction is more complex and appears to be more 
closely related to that of the aliphatic ‘‘ nitrogen-mustards”’. A more detailed study of the 
reactions of the bromo- and iodo-compounds is now being undertaken. 

A number of the aryldi-(2-halogenoethyl)amines now described shows a marked cytotoxic 
effect on tumours which will be discussed elsewhere. The more rapidly hydrolysed compounds 
exert a vesicant action on the human skin. 


EXPERIMENTAL. 


Preparation of Arylhydroxyethylamines.—Method A. The arylamine (0-1 mol.) was introduced into 
a Carius tube which was constricted and then cooled in ice. After the introduction of ethylene oxide 
(0-2 mol.) the tube was sealed. When only small amounts of the amine were available the ethylene 
oxide was diluted with its own volume of dry benzene to aid its introduction into the tube. The tube was 
heated at 90° or 150° (see p. 183) for 16 hours. Thecontents were extracted with alcohol and crystallised 
from aqueous alcohol or benzene. In the few cases where the hydroxyethyl compound did not crystallise 
the product was characterised by the preparation of a picrate. The picrates are formed slowly and are 
often very soluble in alcohol. 

Method B. The arylamine (0-5 mol.), ethylene chlorohydrin (2-5 mols.), water (500 c.c.), and calcium 
carbonate (0-7 mol.) were heated under reflux with very vigorous stirring. The more basic amines 
reacted almost completely in 7 hours but the less basic amines, such as the naphthylamines, required 
heating for 30 hours. The mixture was filtered hot and the unreacted chalk was washed with hot water. 
The filtrate was saturated with sodium chloride, cooled, and then extracted with the ether which had 
previously been used to extract the chalk. The dried ether solution was evaporated and the residue 
was purified by fractional distillation, in the case of the aniline derivatives, or by crystallisation. 
Appreciable amounts of the monosubstituted derivatives are formed in this reaction ; for example in one 
run with aniline (320 g.) N-2-hydroxyethylaniline (120 g.), b. p. 130—135°/3 mm., and NN-di-(2-hydroxy- 
ethyl )aniline (330 g.), b. p. 175—180°/3 mm., were formed. 

When an attempt was made to prepare NN-di-(2-hydroxyethyl)-p-anisidine by heating p-anisidine 
(1 mol.) with ethylene chlorohydrin (1 mol.) (Anker, Cook, and Heilbron, loc. cit.) only N-(2-hydroxyethyl)- 
p-anisidine (needles, m. p. 44—45°, from methanol) (Found: C, 65-3; H, 7-9. C,H,,0,N requires 
C, 64:8; H, 7:9%) could be isolated. A similar experiment with aniline gave mainly NN-di- 
phenylpiperazine, m. p. 164—165°. 

Preparation of Arylchloroethylamines.—Method A. Thearylhydroxyethylamine (1 mol.) was gradually 
added to a suspension of powdered phosphorus pentachloride (1-2 mols.) in dry chloroform fi 1.) with 
cooling. After heating under reflux for one hour the mixture was cooled and poured on ice. The dried 
chloroform layer was evaporated and the product was dissolved in benzene and passed through a short 
column of activated alumina. Evaporation of the eluates gave the required chloro-compound which 
was crystallised from light petroleum (b. p. 40—60°) or anhydrous methanol; considerable hydrolysis 
occurred if aqueous methanol was used. Generally, distillation of the chloro-compounds was 
impracticable since decomposition occurred even at low pressures. 

Method B. The amine (1 mol.) was slowly added to near penr oxychloride (2 mol.) and the mixture 
was heated on a steam-bath until a clear liquid was obtained and evolution of gas had ceased (about 
$ hour). Benzene and crushed ice were added and the mixture was vigorously shaken. The dried 
benzene layer was worked up as under method A. 

Preparation of Arylbromoethylamines.—The arylhydroxyethylamine (1 mol.) was gradually added 
to phosphorus tribromide (3 mol.) and the mixture was heated on a steam-bath until the reaction 
slackened. Crushed ice and benzene were then added and the product was isolated as in method B above. 

Preparation of Aryliodoethylamines.—A solution of the bromo-compound (1 mol.) in dry acetone 
(1 1.) containing sodium iodide (2 mols.) was heated under reflux for 2 hours. The precipitated sodium 
bromide was removed and the solution was evaporated. The residue was dissolved in light petroleum 
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(b. p. 60—80°) and percolated through a short column of activated alumina. The eluted iodo-compound 
was crystallised from light petroleum (b. p. 40—60°) or anhydrous methanol. 

Alternative Preparation of NN-Di-(2-chloroethyl)-p-aminostilbene.—12-3 G. of NN-di-(2-chloroethy]l)- 

-aminobenzaldehyde dissolved in benzene (50 c.c.) were added to the Grignard reagent formed from 

mzyl chloride (6-3 g.), magnesium (1-2 g.), and ether (20 c.c.). After being heated for 30 mins. 
on a steam-bath the mixture was shaken with dilute ammonium chloride solution and the ether—benzene 
layer was dried and evaporated. The stilbene derivative formed colourless felted needles, m. p. 126°, 
from methanol: there was no depression on admixture with a specimen prepared by the first method 
from p-aminostilbene. 

NN-Di-(2-chloroethyl)-p-aminobenzoic Acid.—N N-Di-(2-chloroethyl)-p-aminobenzaldehyde (1 g.) was 
dissolved in acetone and an excess of powdered potassium permanganate was added. The mixture 
warmed to 30° during the addition and eventually set solid owing to the precipitation of manganese 
dioxide. After dilution with water a stream of sulphur dioxide was through until the dioxide 
dissolved. The ether extract of the mixture was shaken with dilute sodium carbonate solution and the 
acid product was liberated by the addition of dilute hydrochloric acid and crystallised from aqueous 
methanol forming needles, m. p. 168—169°. 

Rates of aa at 37° in 1: 1 Acetone-Water.—The chloroethylamine (5 millimols.) was dissolved 
in acetone (250 ml.), water (250 ml.) was then added and the solution was rapidly heated to 37° and 
transferred to the thermostat. 50 Ml. of the solution were removed at appropriate times and titrated 
first with n/10-sodium hydroxide (phenolphthalein indicator) and then, after the addition of one drop 
of n/10-acetic acid, with n/10-silver nitrate (dichlorofluorescein indicator). The results are shown in 
Table II. 

Control experiments had shown that, in aqueous acetone, hydrochloric acid could be titrated 
quantitatively using phenolphthalein as indicator in the presence of dimethylaniline—a stronger base 
than any likely to be encountered in these experiments. There is a contraction on mixing equal volumes 
of water and acetone but the expansion on warming to 37° practically compensates for this and so no 
volume correction has been made. Since the hydrolysis is a relatively slow process it was not necessary 
to arrest the reaction by acidification before the titrations. 

Isolation of Products from the Hydrolysis of NN-Di-(2-chloroethyl)-p-anisidine.—A 24 hour-old solution 
of the amine prepared as above in which 50% hydrolysis had occurred—as measured by the liberation 
of chloride and hydrogen ion—was rapidly evaporated under reduced pressure at 37° until all the acetone 
had been removed. The cooled solution deposited the di-(2-chloroethyl) compound (46% of the original 
amine), m. p. 50° (undepressed by admixture with an authentic specimen). An ether extract of the 
filtrate which had been neutralised with sodium hydroxide and saturated with sodium chloride yielded 
the di-(2-hydroxyethyl) compound (48%), m. p. and mixed m. p. 71°. 

When a 120 hour-old solution was neutralised with sodium hydroxide and saturated with sodium 
chloride and then extracted with ether the di-(2-hydroxyethyl) compound (98%), m. p. 72°, was obtained. 

The Effect of added Reagents on the Rate of Hydrolysis of NN-Di-(2-chloroethyl)aniline.—The experiment 
was started as above except that the added reagent was dissolved in the water before the solutions were 
mixed. The liberation of hydrogen ion in experiment A (Table III) was measured by the acidification 
’ of a 50 ml. aliquot with standard sulphuric acid and the removal of carbon dioxide by evacuation, followed 

by back titration with N/10-sodium hydroxide. The liberated chloride ion could be titrated in this same 
aliquot or in a fresh sample without neutralisation : the same result was obtained by both methods. 

The thiosulphate consumption in experiments C and D was followed by titration with n/10-iodine 
using starch as indicator; the end-point was indistinct unless the 50 ml. aliquot was diluted with water 
(100 ml.)—under these conditions the blank due to the reaction between acetone and iodine was negligible. 

Hydrolysis of Chloroethylamines at 66° in 1:1 Acetone-Water.—The amine (0-5 millimol.) was 
dissolved in acetone and water (25 ml. of each)—or in the least volume of 1: 1 acetone—water which 
would effect solution when heated—and the solution was heated under reflux. A thermometer in the 
boiling liquid registered 66°. After 4 hour the mixture was rapidly cooled and the liberated chloride 
and hydrogen ion were determined as before. Since unsatisfactory end-points were obtained with the 
bromo-derivatives using an eosin indicator 5 ml. of N/10-sodium chloride were added after hydrolysis 
and dichlorofluorescein was used and the bromide ion value obtained by difference. 

The rate of hydrolysis of NN-di-(2-chloroethyl)-p-aminobenzoic acid was measured as above and 
after a preliminary titration of the carboxyl group with n/10-sodium hydroxide (5 ml. of alkali being 
required for 0-5 millimol. of acid). It was only possible to measure the liberated hydrogen ion in this 
experiment since the amino-acid interfered with the chloride end-point. 
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44. Terpene Compounds. Part IV. A Synthesis of cis- and 
trans-(--)-isoFenchocamphoric Acid. 


By R. SwaminatuHan, (Miss) DEBI MuKHERJI, and J. C. BARDHAN. 


Ethyl 2: 2: 4-trimethylcyclohexan-1-one-4-carboxylate, the preparation of which is now 
described, affords, on bromination followed by treatment with barium hydroxide, 1-hydroxy- 
3: 5 : 5-trimethylcyclopentane-1 : 3-dicarboxylic acid. The reaction involves molecular 
rearrangement of the type previously observed by Wallach, Simonsen, and their co-workers. 
The product is probably the ¢rans-modification of Aschan’s a-hydroxyisofenchocamphoric acid, 
since, on dehydration with phosphorus oxychloride and pyridine, it gives 3 : 5: 5-trimethyl- 

. cyclopent-l-ene-1 : 3-dicarboxylic acid (dehydroisofenchocamphoric acid). This on catalytic 
reduction gives (-)-cis-isofenchocamphoric acid, which establishes the correctness of Semmler- 
Wallach formula for this acid. A direct synthesis of dehydroisofenchocamphoric acid from 
ethyl 2 : 2: 4-trimethylcyclopentan-1l-one-4-carboxylate (Bardhan and Ganguli, J., 1936, 1852) 
by the action of hydrogen cyanide followed by dehydration and hydrolysis is also described. 


isoOFENCHOCAMPHORIC acid was first prepared by the oxidation of isofenchone by Wallach 
(Annalen, 1907, 857, 49; 1908, 362, 19; 363, 5) who represented it as (I) on the assumption that 
Semmler’s formula (II) for isofenchone (‘‘ Die Atherischen Ole ”, 1906, III, 549) was correct. 
This view was fully substantiated by the later work of Aschan (Annalen, 1912, 387, 1) on the 
degradation of (+)-isofenchocamphoric acid. The acid was, moreover, found to exist in six 
possible stereoisomeric modifications (cf. Wallach, loc. cit.; Aschan, loc. cit.; Sandelin, Annalen, 


1913, 396, 287) as, indeed, the Semmler—Wallach formulation for isofenchocamphoric acid 
demanded. 


CH.—CMe:CO,H CH,—CMe—CO CH,-—CMe:CO,H CH,—CMe:CO,H 

bu, | H, | l H, | H, 

CMe,—CH:CO,H CMe,—CH—CH, Me,—CO CMe,—C(OH)-CO,H 
(I.) (II.) (III.) (IV.) 


A synthesis of isofenchononic acid (III) has been described (Bardhan and Ganguli, J., 1936, 
1853), and it was hoped that it might be possible to convert it into isofenchocamphoric acid. We 
first tried unsuccessfully to prepare 1-hydroxy-3 : 5 : 5-trimethylcyclopentane-1 : 3-dicarboxylic 
acid (IV) from (III) via the cyanohydrin. The following successful synthesis of (IV) is, however, 
in complete accord with the structure (I) for isofenchocamphoric acid. 

2:4: 4-Trimethyleyclopentanone, prepared by the Clemmensen reduction of dimethyldi- 
hydroresorcinol (Dey and Linstead, J., 1935, 1063; Khuda, Nature, 1933, 182, 210), was 
converted by sodamide in ethereal solution into the sodio-derivative, which condensed with ethyl 
6-chloropropionate to give ethyl 2 : 4 : 4-trimethylcyclopentan-1-one-2-B-propionate (V; R = Et). 
This on hydrolysis with hydrochloric acid yielded the corresponding acid which was characterised 
by the preparation of the semicarbazone. 


H, CH, 
(V.) —_ CMe-CH,CH,"CO,R my Me-CH,°CH,°CO,H (VI.) 
yO O,H O,H 


The keto-acid (V ; R= H) on oxidation with nitric acid gave an excellent yield of 3 : 5-dimethyl- 
hexane-1 : 3: 5-tricarboxylic acid (VI). The corresponding triethyl ester, prepared according to 
the alcohol-vapour method, on sodium condensation furnished ethyl 2 : 2 : 4-trimethyicyclo- 
hexan-\-one-4 : 6-dicarboxylate (VII). This on hydrolysis with hydrochloric acid afforded 
2:2: 4-trimethylcyclohexan-1-one-4-carboxylic acid (VIII), which was purified through the 
semicarbazone. The constitution of (VIII) also follows from the fact that on oxidation with 
nitric acid it is quantitatively converted into 2 : 4-dimethylpentane-1 : 2 : 4-tricarboxylic acid, 
m. p. 200° (cf. Bardhan and Ganguli, Joc. cit., p. 1853; Ranganathan,* J. Indian Chem. Soc., 

H,—CMe(CO,Et)-CH, H,—CMe(CO,H)-CH, 
(VII.) Me,c——CO—————CH‘-CO,Et Me,C——CO————CH,,_ (VIII.) 


1937, 14, 266, gives m. p. 185—186°). The methyl ester (as VIII) on bromination in ice-cold 
acetic acid solution furnished a semi-solid product which was directly hydrolysed with a solution 


* Mr. Swaminathan who has repeated the action of potassium cyanide on the lactone of ethyl 
B-hydroxy-88$-trimethyladipate under the conditions prescribed by Ranganathan (loc. cit.) reports that 


there is no evidence of the formation of 2 : 4-dimethylpentane-1 : 2 : 4-tricarboxylic acid as asserted by 
Ranganathan. 
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of barium hydroxide to give 1l-hydroxy-3 : 5 : 5-trimethylcyclopentane-1 : 3-dicarboxylic acid 
(IV). This acid, which was characterised by the preparation of an acetyl derivative, proved to 
be different from «-hydroxyisofenchocamphoric acid described by Aschan (loc. cit., p. 71), since, 
unlike the latter, it could not be converted into the characteristic lactonic acid, m. p. 177°. 
There can be little doubt that the new acid is correctly represented by the structure (IV), since, 
on oxidation with potassium permanganate in presence of sulphuric acid it is smoothly converted 
into isofenchononic acid previously prepared by Bardhan and Ganguli. It seems to us probable 
that the new acid must be the tvans-modification of Aschan’s «-hydroxyisofenchocamphoric 
acid. Evidently its formation involves molecular rearrangement and recalls the conversion of 
methyl 2: 2: 3-trimethylcyclohexan-4-one-l-carboxylate (IX) into trans-1-hydroxy-4 : 4: 5- 
trimethylcyclopentane-1 : 3-dicarboxylic acid (X) (Bhagavat and Simonsen, /j., 1927, 79; 
Wallach, Annalen, 1918, 414, 296). 


Me*CH-C(OH)-CO,H H,-CMe-CO,H 
Me-CH-CO———-—CH, H, H 
Me,C 


Me,C—-CH(CO,Me)-CH, Me, H-CO,H -CO,H 
(IX.) (X.) (XI) 


(IV) is readily converted into the ethyl ester; this on dehydration with phosphory] chloride 
and pyridine followed by hydrolysis of the resulting product furnished 3 : 5 : 5-trimethylcyclo- 
pent-l-ene-1 : 3-dicarboxylic acid (XI), identical with (+)-dehydroisofenchocamphoric acid 
(Toivonen, Annalen, 1919, 419, p. 198). On reduction with hydrogen in presence of Adams’s 
platinum oxide catalyst in acetic acid solution it gave the corresponding saturated acid, which 
proved to be cis-(+-)-isofenchocamphoric acid (I). The identity was established by direct com- 
parison with an authentic specimen of the acid kindly supplied by Prof. Gustav Komppa of 
Helsingfors to whom we wish to express our indebtedness. The synthetic acid on treatment 
with acetyl chloride gave the characteristic anhydride, which on hydration gave the original 
cis-acid. Finally, the synthetic cis-acid on heating with hydrochloric acid gave the trans-acid 
(cf., e.g., Aschan, Joc. cit., p. 57; Sandelin, loc. cit., p. 332). 

When this work was completed it seemed of interest to attempt once more the preparation of 
the cyanohydrin of ethyl 2: 2: 4-trimethylcyclopentan-l-one-4-carboxylate. Although the 
keto-ester could not be induced to react with hydrogen cyanide at 0°, combination took place 


readily at —5°; the resulting product on treatment with phosphorus oxychloride and pyridine 
followed by hydrolysis with hydrochloric acid gave a good yield of a crystalline acid, identical 
with dehydroisofenchocamphoric acid (XI) described above. 


EXPERIMENTAL. 


' 2:4: 4-Trimethylcyclopentan-l-one-2-B-propionic Acid (V; R = H).—2: 4: 4-Trimethylcyclo- 
pentanone was conveniently prepared by the Clemmensen reduction of dimethyldihydroresorcinol 
(Dey and Linstead, Joc. cit.). e yield was greatly improved by carrying out the reduction in a flask 
fitted with a short column, and thus allowing the volatile products to distil as fast as they were produced. 
165 G. of dimethyldihydroresorcinol yielded 81-5 g. of an almost pure ketone, b. p. 160—164°. The 
semicarbazone, after two crystallisations from aqueous alcohol, had m. p. 168—169°. 

Powdered sodamide (15 g.) and anhydrous ether (400 c.c.) were gently boiled in a reflux apparatus; 
2:4: 4-trimethylcyclopentanone (47 g.) was then added drop by drop and the whole heated for 6 hours. 
The flask was cooled in ice, ethyl B-chloropropionate (52 g.) rng added with shaking, and the mixture 
left in the cold overnight. The mixture was heated as before for 7} hours under reflux, cooled, and 
diluted with water, and the ethereal layer separated, dried, and evaporated. The residue on rectification 
under reduced pressure yielded the keto-ester as a colourless oil (47 g.), b. p. 127°/5 mm. The crude 
keto-ester (23 g.) was refluxed on the water-bath with potassium hydroxide (8 g.) dissolved in water 
(16 c.c.) and alcohol (64 c.c.) for 1} hours. The excess of alcohol was evaporated as completely as 
possible, and the residue cooled and acidified with hydrochloric acid. The oil was extracted with ether, 
the ether removed, and the residue distilled under reduced pressure, giving the keto-acid (18-5 g.), b. p. 
150°/4 mm., from which the semicarbazone, m. p. 187—188°, was readily prepared in good yield. This 
on recrystallisation twice from dilute alcohol formed minute prisms, m. p. 197° (Found : C, 56-7; H, 8-3. 
C,,H,,0;N, requires C, 565; H, 82%). 2:4: 4-Trimethylcyclopentan-l-one-2-B-propionic acid 
regenerated from the semicarbazone (5 g.) was obtained as an oil, and on distillation under reduced 
pressure formed a colourless, somewhat viscous liquid (3-4 g.), b. p. 150°/4 mm., which on standing 
solidified to a hard mass, and on recrystallisation from light petroleum (b. p. 40—60°) formed minute 
prisms, m. p. 55° (Found: C, 67-1; H, 9-3. C,,H,,03 requires C, 66-7; H, 9-1%). It formed a 
semicarbazone identical with that prepared from the crude acid (see above). 

3 : 5-Dimethylhexane-1 : 3 : 5-tricarboxylic Acid (V1).—The liquid keto-acid (above) (18 g.) was placed 
in an all-glass apparatus fitted with a condenser, mixed with nitric acid (450 c.c.; d 1-2), and heated on 
the water-bath. A vigorous reaction started after a few minutes, and was kept under control by cooling 
the flask in running water. The mixture was again heated on the water-bath for 44 hours and then 
gently boiled on a sand-bath for 4 hours. Excess of nitric acid was removed by evaporating the clear 
solution on the water-bath with frequent addition of water, and the solution concentrated to a small 

1.) 
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volume and left overnight. The crystals which separated were collected, washed with a little ice-cold 
water, and dried (18-3 g.). On recrystallisation from concentrated hydrochloric acid, 3 : 5-dimethyl- 
hexane-1 : 3 : 5-tricarboxylic acid formed glistening prisms, m. p. 162° [Found: C, 53-7; H, 7-4; equiv. 
(by titration), 81-0. C,,H,,O0, (tribasic) requires C, 53-6; H, 7-°3%; equiv., 82-0]. The ériethyl ester 
was readily prepared by heating (VI) (57-5 g.), absolute alcohol (120 c.c.), and concentrated sulphuric 
acid (12 c.c.) at 110° in an oil-bath, and passing the vapour of alcohol (6 1.) through the mixture for 
17 hours; it formed an almost colourless oil (72 g.; 94%), b. p. 160°/5 mm. (Found: C, 61-6; H, 9-3. 
C17H 0, requires C, 61-8; H, 9-1%). 

Ethyl 2:2: 4-Trimethylcyclohexan-1-one-4 : 6-dicarboxylate (VII).—Ethyl 3 : 5-dimethylhexane- 
1 : 3: 5-tricarboxylate (11 g.) was added to a suspension of finely divided sodium (0-92 g.) in dry benzene 
(22 c.c.) and heated on the water-bath under reflux. After an hour, when all the sodium had gone into 
solurion, the clear brown liquid was cooled in ice, acidified with ice-cold concentrated hydrochloric acid 
(5 c.c.), and extracted with ether. The ether—benzene layer was separated, washed successively with 
water, sodium carbonate solution, and water, and evaporated. Ethyl 2: 2: 4-trimethylcyclohexan-1- 
one-4 : 6-dicarboxylate formed a colourless, viscous liquid (6-6 g.; 66%), b. p. 146°/4 mm. (Found : 
C, 63-8; H, 8-6. C,;H,,O, requires C, 63-4; H, 8-4%). It gave an intense violet colouration with 
alcoholic ferric chloride. 

2:2: 4-Trimethylcyclohexan-1-one-4-carboxylic Acid (VIII).—The foregoing keto-ester (6-6 g.) was 
hydrolysed by boiling it with a mixture of concentrated hydrochloric acid (20 c.c.) and water (53 c.c.) for 
16 hours on a sand-bath. On cooling, the keto-acid separated in crystals (3:3 g.; 70%), m. p. 
109—110°. On recrystallisation from hot water it formed colourless needles, m. p. 110—111° (Found : 
C, 65-5; H, 8-8. C,9H,,O, requires C, 65-2; H, 8-7%). The semicarbazone, on repeated crystallisation 
from rectified spirit, formed minute prisms, m. p. 211° (Found: C, 55-0; H, 8-1. C,,H,,0O,N, requires 
C, 54:8; H, 7:9%). The methyl ester, prepared by boiling the acid with methanolic hydrogen chloride, 
formed a colourless, viscous liquid, b. p. 98°/4 mm. (Found: C, 66-4; H, 9-3. (C,,H,,0,; requires 
C, 66-7; H, 9-1%). 

2:4-Dimethylpentane-1 : 2 : 4-tricarboxylic Acid.—The keto-acid (VIII) (0-5 g.) was heated with nitric 
acid (7-8 c.c.; d 1-4) and water (4-7 c.c.) on the water-bath in an all-glass apparatus for 4 hours. On 
keeping overnight, crystals (m. p. 193°) separated which on recrystallisation from concentrated 
hydrochloric acid had m. p. 200° alone or mixed with an authentic specimen (Bardhan and Ganguli, loc. 
cit.) (Found: C, 51-6; H, 7-0. Calc. for Cy)H,,0,: C, 51-7; H, 6-9%). 

1-Hydroxy-3 : 5 : 5-trimethylcyclopentane-1 : 3-dicarboxylic Acid (IV).—The keto-ester (4 g.) was 
dissolved in glacial acetic acid (4 c.c.), and the solution cooled in ice and treated dropwise with bromine 
(2-2 c.c.) diluted with an equal volume of glacial acetic acid. On standing, the colour of the bromine was 
nearly discharged, and the solution was then poured on ice, and the viscous semi-solid product collected 
in ether. The ethereal solution was washed with water, then with a dilute solution of sodium carbonate, 
and dried (CaCl,), and the solvent evaporated at the ordinary temperature. The residual brown oil was 
mixed with a hot solution of crystallised barium hydroxide (22-5 g.) in water (75 c.c.), and the whole 
heated under reflux on the sand-bath with mechanical stirring. After about 20 minutes a vigorous 
reaction started, and the sparingly soluble barium salt of the hydroxy-acid gradually began to separate. 
At the end of 1} hours the heating was discontinued and the product left overnight. The next day the 
mixture was slightly warmed and treated with hydrochloric acid (7 c.c.; @ 1-2) till it was only just alkaline 
to phenolphthalein. The solution was boiled, and the first crop of crystals was collected, washed with a 
little hot water, and dried in air (3-2 g.). The mother liquor on concentration gave a further quantity 
(0-70 g.) of the barium salt. The finely powdered, dry barium salt (3-2 g.) was boiled with the calculated 
quantity of anhydrous sodium carbonate (0-89 g.) dissolved in water (50 c.c.) for 14 hours, water being 
frequently added to wash down the solid on the sides and to maintain the volume. The solution was 
filtered hot, the precipitate repeatedly washed with warm water, and the filtrate concentrated to a small 
volume, cooled, and acidified with hydrochloric acid. 1-Hydvroxy-3 : 5 : 5-trimethylcyclopentane-1 : 3- 
dicarboxylic acid on recrystallisation from water formed microscopic prisms, m. p. 185—186° [Found : 
C, 55-5; H, 7-5; equiv. (by titration), 107-0. C,)H,,O, (dibasic) requires C, 55-5; H, 7-4%; equiv., 108]. 

The acetyl derivative was prepared by heating (IV) (0-5 g.) with freshly distilled acetic anhydride 
(10 c.c.) for 2 hours under reflux on the sand-bath. The product was diluted with water, and evaporated 
on the water-bath. The gummy residue on being rubbed with a few drops of water crystallised, and on 
purification from hot water formed stout prisms, m. p. 188—189° (Found: C, 51-7; H, 7-3. 
C,,H,,0,,H,O requires C, 52-2; H, 7-2%). e ethyl ester was prepared by heating (IV) (4-7 g.) with 
absolute alcohol (20 c.c.) and concentrated sulphuric acid (1 c.c.) on the water-bath for 15—16 hours 
under a reflux condenser. The product was cooled, diluted with water, and extracted with ether. The 
ethereal solution was washed with dilute sodium carbonate solution, again washed with water, dried, 
and distilled. The ester formed a mobile, colourless oil (4-7 g.; 80%), b. p. 133°/6 mm. (Found: 
C, 61-6; H, 8-5. C,,H,,O, requires C, 61-7; H, 8-8%). 

isoFenchononic Acid ({II).—The hydroxy-acid (1 g.) was dissolved.in boiling N-sulphuric acid 
(100 c.c.) and quickly mixed with a solution of potassium permanganate (16 c.c. of 1%). The oxidation 
proceeded vigorously with much frothing, and the colour of permanganate was rapidly discharged. On 
cooling, the clear solution was repeatedly extracted with ether, and the ethereal solution was washed, 
dried, and evaporated. The residue completely solidified when kept in an evacuated desiccator, and on 
purification from light petroleum (b. p. 60—80°) was identified as isofenchononic acid by its m. p. 70—71° 
and by analysis (Found: C, 63-6; H, 8-1. Calc. for C,H,,0,: C, 63-5; H, 82%). It formed a 
semicarbazone, m. p. 225—226° (decomp.) (cf. Bardhan and Ganguli, Joc. cit.). 

3: 5: 5-Trimethylcyclopent-1-ene-1 : 3-dicarboxylic Acid (Dehydroisofenchocamphoric Acid) (XI).— 
The ethyl ester of (IV) (1 g.), phosphorus oxychloride (3-5 c.c.), and dry pyridine (15 c.c.) were refluxed in 
an oil-bath at 145° for l hour. The product was cooled in ice, and ice-cold water added drop by drop in 
order to decompose any unchanged oxychloride. It was then strongly acidified with concentrated 
hydrochloric acid, and extracted several times with pure ether. The ethereal solution was washed with 
water, dried, and evaporated. The residual liquid was hydrolysed with alcoholic potassium hydroxide 
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[potassium hydroxide (2 g.), water (3 c.c.), alcohol (13 c.c.)] in a reflux apparatus for 14 hours. Excess 
of alcohol was then removed, and the solution cooled, filtered from a little suspended impurity, and 
acidified with hydrochloric acid. The acid which separated as an oil rapidly solidified to a micro- 
crystalline powder (0-51 g.). On recrystallisation from water containing a little acetic acid, dehydroiso- 
fenchocamphoric acid formed a crystalline powder, m. p. 190—191° [Found: C, 60-5; H, 6-9; equiv. 
(by titration), 99-3. Calc. for C,,H,,O, (dibasic) : C,€0-6; H, 70%; equiv., 99-0]. Toivonen (loc. cit., 
p. 198) gives m. p. 190—191°. 

cis-(+)-isoFenchocamphoric Acid (I).—Pure dehydroisofenchocamphoric acid (1-31 g.) was dissolved 
in glacial acetic acid (25 c.c.) and shaken with the addition of Adams’s platinum oxide catalyst (0-1 g.) 
in an atmosphere of hydrogen. Rapid absorption occurred, and in about 4 hour the calculated amount of 
hydrogen (190 c.c.) had been absorbed. The solution was filtered, excess of acetic acid distilled off at the 
water-pump, and the residue diluted with water. On standing, crystals began to separate; these were 
collected and recrystallised from hot water. cis-(-+)-isoFenchocamphoric acid formed minute, glistening 
prisms, m. p. 174—175° [Found: C, 60-0; H, 8-0; equiv. (by titration), 99-95. Calc. for Cy)9H,,.0, 
(dibasic) : C, 60-0; H, 8-0%; equiv., 100] (cf. Aschan, loc. cit., p. 51). The anhydride crystallised from 
light petroleum (b. p. 40—60°) in beautiful plates, m. p. 95—-96° (Aschan, Joc. cit., gives m. p. 94—95°) 
(Found : C, 66-4; H, 7-6. Calc. for C,gH,,0;: C, 65-9; H, 7-7%). 

trans-(+)-isoFenchocamphoric Acid.—0:8 G. of cis-(+)-isofenchocamphoric acid was converted into a 
mixture of the tvans-acid and the anhydride of the cis-acid by the method of Aschan (loc. cit., p. 56). The 
tvans-acid (0-35 g.) was recovered by extraction with boiling carbon disulphide, in which the anhydride 
alone was soluble (Sandelin, Joc. cit., p. 321). On recrystallisation (charcoal) from hot water containing 
a few drops of acetic acid it formed minute prisms, m. p. 173-5—174-5° (Found : C, 59-8; H, 8-1. Calc. 
for C1gH,,0,: C, 60-0; H, 8-0%). In admixture with the pure cis-acid, m. p. 174—175°, the mixture 
had m. p. 141—142° (slight softening at 138°). 

Conversion of Ethyl 2:2: 4-Trimethylcyclopentan-l-one-4-carboxylate (as III) into (+)-Dehydroiso- 
fenchocamphoric Acid (XI).—Ethyl 2: 2: 4-trimethylcyclopentan-l-one-4-carboxylate (Bardhan and 
Ganguli, Joc. cit., p. 1853) (5 g.) was slowly added to hydrogen cyanide [from potassium cyanide (10 g.), 
sulphuric acid (10 c.c., d 1-84), and water (10 c.c.) (Wade and Panting, J., 1873, 78, 256)] cooled to —5°. 
After the addition of a drop of potassium cyanide solution, the mixture was kept at this temperature 
overnight, two drops of concentrated sulphuric acid added, and the excess of hydrogen cyanide removed 
at the water-pump. The residual oil was heated at 120—130° for an hour with pyridine (80 c.c.) and 
phosphorus oxychloride (21 c.c.). It was cooled in ice, treated with iced water drop by drop to 
decompose excess of phosphorus oxychloride, acidified with hydrochloric acid (40 c.c.), and extracted 
with ether. The ethereal extract was washed with dilute sulphuric acid, then with aqueous sodium 
hydroxide, and dried, and the solvent evaporated. The residual dark brown oil was digested on the 
sand-bath with concentrated hydrochloric acid (50 c.c.) for 25 hours. The crystals (3 g.) which separated 
on cooling were recrystallised (charcoal) from very dilute acetic acid, and then had m. p. 190—191° alone 


or 8%). with a specimen of dehydroisofenchocamphoric acid described above (Found: C, 60-8; 
H, 7-2%). 


A considerable portion of this work was carried out during 1940—1941, and formed the basis of a 
thesis presented by one of us (R. S.) for the M.Sc. degree. 


UNIVERSITY COLLEGE OF SCIENCE AND TECHNOLOGY, CALCUTTA. (Received, March 8th, 1948.} 





45. Terpene Compounds. Part V. A Synthesis of 
(+)-6-Fenchocamphorone. 


By (Miss) Dest MukHERJ!I and J. C. BARDHAN. 


Ethyl 2 : 2-dimethylcyclopentan-l-one-4-carboxylate (Bardhan, Banerji, and Bose, /., 
1935, 1128) readily condenses with ethyl cyanoacetate to give ethyl 4-carbethoxy-2 : 2-dimethyl- 
cy entylidenecyanoacetate. This on catalytic hydrogenation followed by hydrolysis affords 
4-carboxy-2 : 2-dimethylcyclopentane-l-acetic acid. The corresponding lead salt on pyrolysis 
furnishes (-+)-f-fenchoca orone. This synthesis establishes the correctness of the structure 
of B-fenchocamphorone and consequently of B-fenchene. 


§-FENCHENE (I) on oxidation furnishes B-fenchocamphorone (II) (Wallach, Annalen, 1898, 302, 
384; Komppa and Roschier, ibid., 1929, 470, 145) from which §-fenchene itself has been 
synthesised by the action of methylmagnesium iodide followed by dehydration of the resulting 
tertiary alcohol, methyl-f$-fenchocamphorol (III) (Komppa and Roschier, Ann. Acad. Sct. 
Fennice, 1917, A, 10, No. 15, 1). 


H,;—CH: H, H,—CH H,—CH—C(OH)-Me H,—CH—CH, 
H, H, H, Se, | 

Me,-CH—CH, e,-CH—CH, e,-CH—CH, Me,-CH—CH, 
(I.) (II.) (IITI.) (IV.)} 


Nametkin and Chuchrikoff (Annalen, 1924, 438, 197; Nametkin, J]. Russ. Phys. Chem. Soc., 
1915, 47, 425; and other publications) have apparently succeeded in preparing §-fenchocam- 
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phorone from camphenilane (IV) by successive nitration and oxidation. §-Fenchocamphorone 
has also been prepared, in an indirect way, from camphenilone via apocyclene (V) by hydration 
followed by oxidation of the resulting secondary alcohol (Komppa and Roschier, Annalen, 1922, 
429, 175; Nametkin and Alexandroff, ibid., 1928, 467, 197). A rational synthesis of 
8-fenchocamphorone, however, does not appéar to have been carried out hitherto. This gap 
has now been filled. 

Ethyl 2 : 2-dimethylcyclopentan-1l-one-4-carboxylate (VI) (Bardhan, Banerji, and Bose, 
J., 1935, 1128) readily condenses with ethyl cyanoacetate in presence of ammonium acetate— 
acetic acid (cf. Cope et al., J. Amer. Chem. Soc., 1941, 68, 3452) to give ethyl 4-carbethoxy-2 : 2- 
dimethylcyclopentylidenecyanoacetate (VII). This on hydrogenation in alcoholic solution over 
Adams’s platinum oxide catalyst yielded ethyl 4-carbethoxy-2 : 2-dimethylcyclopentylcyanoacetate 


H 

H cs H Co i eno it fe, *CO,Et 

Me, ff H, Me,-CO- Me,-C=C(CN)-CO,Et brie, €H H-CH(CN)-CO,Et 
H/ (Vv.) (VI.) (VII.) (VIII.) 


(VIII). The latter on hydrolysis with excess of concentrated hydrochloric acid afforded 
4-carboxy-2 : 2-dimethylcyclopentaneacetic acid (homoapofenchocamphoric acid) (IX) asa crystalline 
solid, m. p. 138°5°. The corresponding lead salt on distillation in a current of carbon dioxide 
gave a liquid, having a characteristic camphoraceous odour, which readily yielded a 
semicarbazone. The pure ketone on regeneration from the semicarbazone formed a white 
camphor-like solid. Although no natural (+)-8-fenchocamphorone was available for direct 
comparison, there can be little doubt from m. p. evidence that it and its semicarbazone are 
identical with the synthetic products. 


H,—CH-CO,H -CO,H 
(IX.) H we 
Me,-CH-CH,'CO,H H-CO,H 
The synthetic ketone on oxidation with potassium permanganate gave, as the sole product, 
cis-(+)-apofenchocamphoric acid (X), which was identified by direct comparison with a 
synthetic specimen prepared for this purpose by one of us (Mukherji, Science and Culture, 1948, 
XIII, 388; cf. also Komppa and Roschier, Ann. Acad. Sci. Fennicea, 1917, A, 10, No. 15, 1; 


Roschier, ibid., 1916, A, 10, No. 1,1; Komppaand Roschier, Annalen, 1922, 429, 175; Nametkin, 
loc. cit.). 


The above synthesis of (-+-)-8-fenchocamphorone also implies a synthesis of 6-fenchene, the 
structure of which may, therefore, be regarded as firmly established. 


EXPERIMENTAL. 


Ethyl 4-Carbethoxy-2 : 2-dimethylcyclopentylidenecyanoacetate (VII).—Ethyl 2 : 2-dimethylcyclo- 
pentan-l-one-4-carboxylate (VI) was prepared according to the method of Bardhan, Banerji, and Bose 
(loc. cit.). The corresponding keto-acid melts at 103° (Found: C, 61-4; H, 7-6. Calc. for C,H,,0,: 
C, 61-5; H, 7-6%); the m. p. 93° recorded before is evidently a misprint. The semicarbazone is readily 
formed, and on recrystallisation from dilute alcohol (charcoal) forms minute prisms, m. p. 216° (Found : 
C, 50-8; H, 6-8. C,H,,0,N, requires C, 50-7; H, 7-0%). 

Ethyl 2 : 2-dimethylcyclopentan-l-one-4-carboxylate (40 g.), ethyl cyanoacetate (25 g.), ammonium 
acetate (3-5 g.), acetic acid (12 c.c.), and benzene (50 c.c.) were refluxed for 2 hours in an oil-bath at 
150—155° in an apparatus essentially that described by Cope and his co-workers (loc. cit.). After 
cooling, the benzene layer was separated, washed with a little water, dried, and the solvent removed. 
The residue on distillation under reduced pressure gave at first 30-40% of unchanged material followed 
by ethyl 4-carbethoxy-2 : 2-dimethylcyclopentylidenecyanoacetate (32 g.) which formed an almost colourless 
oil, b. 7 P. 175—176° /4 mm. (Found: C, 64-5; H, 7-6. C,,H,,0,N requires C, 64-5; H, 7-5%). 

Ethyl 4-Carbethoxy-2 : 2- -dimethylcyclopentylcyanoacetate (VIII).—The unsaturated cyano-ester (VII) 
(39-6 g.) dissolved in pure alcohol (50 c.c.) was shaken in an atmosphere of hydrogen in the presence of 
platinum oxide catalyst (0-1 g.) for 18 hours, by which time the calculated amount of hydrogen (3750 c.c. 
at 26-5°/764 mm.) had been absorbed. The solution was filtered, excess of alcohol removed, and the 
residual oil purified by distillation. Ethyl 4-carbethoxy-2 : 2-dimethylcyclopentylcyanoacetate, which was 
saturated towards the usual reagents, formed a colourless liquid (37-5 g.), b. p. 166°/4 mm. (Found : 
C, 64:0; H, 8-1. C,,;H,,0,N requires C, 64-0; H, 8-1%). 

4- -Carboxy-2 : 2-dimethylcyclopentaneacetic ‘acid (Homoapofenchocamphoric Acid) (IX).—The foregoing 
saturated cyano-ester (VIII) (37-5 g.) was refluxed in an all-glass apparatus with concentrated 
hydrochloric acid (350 c.c.) for 28 hours. When the clear solution was left overnight a mass of crystals 
separated, and were collected. A further small quantity was recovered from the mother liquor. On 
repeated crystallisation from water (charcoal) 4-carboxy-2 : 2-dimethylcyclopentane-l-acetic acid formed 
small prisms (17 g.), m. p. 138-5° (Found: C, 59-8; H, 8-0. C, H,,O, requires C, 60-0; H, 8-0%). 
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An acid of this composition, prepared previously by a different method (Bardhan, Banerji, and Bose, 
loc. cit., p. 1129), m. p. 246°. This, however, requires clarification, and we hope to investigate the 
matter further. 

(+)-B-Fenchocamphorone (IT).—As a result of several trials the following method was adopted as 
being the most satisfactory for the ketonisation. The foregoing acid (IX) (15 g.) was dissolved in 
aqueous ammonia, and the somewhat warm solution was treated with a slight excess of an aqueous 
solution of lead acetate. The heavy white precipitate of the lead salt (26 g.) was collected, washed, and 
dried at 140° in an air-oven. It was then Lesa with iron filings (5-2 g.) and distilled in small portions 
at a time from a small retort connected with a condenser and a receiver cooled in ice. The mixture was 
carefully heated in an air-bath, and a slow stream of dry carbon dioxide was maintained during the 
operation. Decomposition began at about 300°, and water together with a yellowish brown liquid 
distilled. The temperature was gradually raised to 340° until no more liquid distilled and there 
remained in the retort a small carbonaceous residue The oily distillate from 26 g. of the lead salt was 
collected in pure ether, washed, and dried. The solvent having been removed, the residue (7 g.) was 
mixed with semicarbazide hydrochloride (7 g.) and sodium acetate (15 g.) dissolved in aqueous methyl 
alcohol, a few drops of acetic acid were added, and the clear solution was gently warmed. The crystalline 
B-fenchocamphorone semicarbazone which separated was obtained in minute needles (5-8 g.), m. p. 193°, 
by recrystallisation from methyl alcohol (charcoal) (Found: C, 61-6; H, 8-7. Calc. for C,sH,,ON;: 
C, 61-5; H, 8-7%) (Nametkin and Chuchrikoff, loc. cit., give m. p. 192—193°; Komppa and Roschier, 
loc. cit., give m. p. 195—196°). The ketone regenerated by heating the purified semicarbazone (5:4 g.) 
with excess of oxalic acid in an all-glass apparatus was recovered by distillation in steam. The colourless 
oil which at first collected in the receiver quickly solidified to a white mass which was collected and 
dried. A portion after sublimation had m. p. 64—65-5° (Found: C, 78-3; H, 10-1. Calc. for C,H,,0: 
C, 78-2; H, 10-2%) (Nametkin and Chuchrikoff, loc. cit., give m. p. 63—65°; Komppa and Roschier, 
loc. cit., give m. p. 64—66°). It had a characteristic camphoraceous odour. 

Oxidation to cis-apoFenchocamphoric Acid (X).—The synthetic ketone (0-5 g.), potassium 
permanganate (1-4 g.), potassium hydroxide (4 g.), and water (33 c.c.) were shaken in a stoppered bottle 
at 50—60° until the colour of the permanganate was almost discharged (lI—2 hours). The solution was 
filtered, the residue washed with hot water, and the filtrate concentrated and acidified with dilute 
hydrochloric acid. cis-apoFenchocamphoric acid thus obtained was recrystallised from water, and then 
had m. p. 144—145° alone’ or admixed with an authentic specimen (Found: C, 58-2; H, 7-6. Calc. for 
C,H,,0,: C, 58-1; H, 7-5%) (cf Nametkin, loc. cit.; Short, J., 1927, 961). 


UNIVERSITY COLLEGE OF SCIENCE AND TECHNOLOGY, 
CALCUTTA. [Received, March 13th, 1948.] 





46. Terpene Compounds. Part VI. A Synthesis of (+)-isoFenchone. 


By (Miss) Desr MuKHERJI and J. C. BARDHAN. 


Ethyl 2: 2: 4-trimethylcyclopentan-1l-one-4-carboxylate (Bardhan and Ganguli, J., 1936, 
1853) condenses with ethyl cyanoacetate to give ethyl ee eee a : 2: 4-trimethylcyclo- 
pentylidenecyanoacetate. This is reduced catalytically to ethyl 4-carbethoxy-2 : 2 : 4-trimethyl- 
cyclopentylcyanoacetate, which on hydrolysis with hydrochloric acid gave 4-carbory-2 : 2: 4- 
trimethylcyclopentaneacetic acid. The last on pyrolysis yielded a ketone identical with (-+)-iso- 
fenchone. On oxidation with potassium permanganate the synthetic ketone gives an excellent 
yield of (+)-cis-isofenchocamphoric acid. This synthesis supplies the final proof of the 
correctness of Semmler’s formula for isofenchone. 


IN a previous communication (this vol., p. .192) a synthesis of cis- and trans-(+-)-iso- 
fenchocamphoric acid (I) (Wallach, Annalen, 1907, 357, 49; Aschan, ibid., 1912, 387, 1; 
Sandelin, ibid., 1913, 396, 285) was described. The present paper deals with the synthesis of 
(+)-isofenchone (II) (Bertram and Helle, J. pr. Chem., 1900, 61, 303; Semmler, “ Die 
Atherischen Ole ”, 1906, III, 549). 


H,—CMe-CO,H —CMe- H,—CMe-CO,Et 
H, H, H, 
Me, H-CO,H es H: H, Me, 
(I.) (II.) (III.) 


The condensation of ethyl 2 : 2 : 4-trimethylcyclopentan-l-one-4-carboxylate (III) (Bardhan 
and Ganguli, J., 1936, 1853) with ethyl cyanoacetate proceeds somewhat tardily under the 
conditions described by Cope, Hofmann, Wyckoff, and Hardenbergh (J. Amer. Chem. Soc., 1941, 
68, 3452), although an appreciable amount of the desired condensation product (IV) could be 
isolated by a frequent repetition of the process. Reduction of ethyl 4-carbethoxy-2 : 2 : 4-tri- 
methylcyclopentylidenecyanoacetate (IV) thus obtained proceeded rapidly in presence of palladised 
charcoal (Hartung, J. Amer. Chem. Soc., 1928, 3372) in cold alcoholic solution, giving ethyl 
4-carbethoxy-2 : 2 : 4-trimethyicyclopentylcyanoacetate (V). This on hydrolysis with hydrochloric 
acid yielded 4-carboxy-2 : 2: 4-trimethylcyclopentaneacetic acid (VI). The latter exhibits a 
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remarkable tendency to ketonise, and when heated with a trace of barium hydroxide at 310—330° 
gave an excellent yield of (+-)-isofenchone (II). This on further purification through the 


H,—GMe-CO,Et em ~— 
Me,-C=C(CN)-CO,Et Me,-CH-CH(CN)-CO,Et Me,-CH-CH,-CO,H 
(IV.) (V.) (VI.) 


semicarbazone (Wallach, Joc. cit.) had physical constants which closely corresponded with those 
recorded before (Bertram and Helle, loc. cit., p. 309; Wallach, loc. cit., p. 556). The identity 
was also established by comparisons with a number of derivatives of (-+-)-isofenchone from 
natural sources. The ketone (II) was also obtained when the lead salt of (VI) was distilled, 
but the method is inferior to that given above. The Dieckmann ring-closure of the diethyl 
ester (as VI), on the other hand, did not proceed in the expected manner, although, according to 
Ruzicka and Kuhn (Helv. Chim. Acta, 1920, 3, 752) ethyl homocamphorate under the same 
conditions affords a good yield of ethyl camphorcarboxylate. The synthetic (+)-isofenchone, 
regenerated from the semicarbazone, on oxidation with potassium permanganate, gave, in 
almost quantitative yield, (-+-)-cis-tsofenchocamphoric acid (I) (Aschan, loc. cit.), indistinguishable 
from an authentic specimen. This constitutes an independent synthesis of this acid. 

The foregoing results appear to us to establish beyond doubt that isofenchone possesses the 
structure (II) previously assigned to it by Semmler from purely theoretical considerations. 


EXPERIMENTAL. 


Ethyl 4-Carbethoxy-2 : 2 : 4-trimethylcyclopentylidenecyanoacetate (IV).—Ethyl 2 : 2 : 4-trimethylcyclo- 
pentan-l-one-4-carboxylate (III) was prepared essentially as described by Bardhan and Ganguli (loc. 
cit.). The condensation of ethyl aa-dimethyl-levulate with ethyl cyanoacetate was, however, carried out 
with advantage according to the general method developed by Cope and his co-workers (loc. cit.). Ina 
typical experiment the keto-ester (17-2 g.), ethyl cyanoacetate (11-3 c.c.), ammonium acetate (3-8 g.), 
acetic acid (12 c.c.), and benzene (50 c.c.) were refluxed for 5 hours at 160°. Ethyl l-cyano-2 : 4-dimethyl- 
pent-l-ene-1 : 4-dicarboxylate isolated in the usual way (14-5 g.) had b. p. 165°/5 mm. (Bardhan and 
Ganguli, Joc. cit.). Ethyl 2: 2: 4-trimethylcyclopentan-l-one-4-carboxylate (III) (19-8 g.), ethyl 
cyanoacetate (11-3 c.c.), ammonium acetate (3-8 g.), acetic acid (12 c.c.), and benzene (50 c.c.) were heated 
under reflux in an oil-bath at 155—160° for 2—3 hours. After being cooled, the solution was washed 
with a solution of sodium chloride, dried, and distilled. The desired unsaturated cyano-ester was 
invariably accompanied by a considerable amount of the unchanged materials which were treated with 
ammonium acetate and acetic acid as described above. The process was repeated several times until the 
yield of the condensation product became unprofitably low. Ethyl 4-carbethoxy-2 : 2 : 4-trimethylcyclo- 
pentylidenecyanoacetate (17-5 g.) formed an almost colourless liquid, b. p. 168°/5 mm. (Found: C, 65-7; 
H, 7-9. C,,H,30,N requires C, 65-5; H, 7-8%). 

Ethyl 4-Carbethoxy-2 : 2 : 4-trimethylcyclopentylcyanoacetate (V).—The unsaturated cyano-ester (IV) 
(17 g.) dissolved in absolute alcohol (22 c.c.) was shaken with palladised charcoal catalyst (Hartung, 
loc. cit.) (1-5 g.) in an atmosphere of hydrogen until the requisite quantity (1492 c.c.) of hydrogen had 
been absorbed (10—11 hours). The solution was filtered, washed with alcohol, and the excess of solvent 
removed at the water-pump. The residual oil was shaken with a solution of sodium hydrogen sulphite 
(35 c.c. of 20%) for 12 hours. The mixture was extracted with ether, and the ethereal solution washed 
with a little dilute hydrochloric acid, again with water, dried, and distilled, to give ethyl 4-carbethoxy- 
2:2: 4-trvimethylcyclopentylcyanoacetate as a colourless oil, b. p. 158°/4 mm. (Found: C, 65-2; H, 8-5. 
C,,H,,0,N requires C, 65-1; H, 8-4%). Yield, 15-5 g. 

4-Carboxy-2 : 2: 4-trimethylcyclopentaneacetic Acid (Homoisofenchocamphoric Acid) (VI).—The 
foregoing cyano-ester (V) (9-8 g.) was refluxed on a sand-bath with concentrated hydrochloric acid 
(90 c.c.) for 75 hours. After cooling, the dark crystalline solid (6-1 g.) was collected and purified by 
repeated crystallisation from aqueous acetone (charcoal). 4-Carboxy-2 : 2 : 4-trimethylcyclopentane- 
acetic acid formed minute, colourless prisms, m. p. 157—158° [Found: C, 61-6; H, 8-4; equiv., 106-5. 
C,,H,,0, (dibasic) requires C, 61-7; H, 8-4%; equiv., 107]. It is sparingly soluble in water and stable 
to bromine and permanganate. The ethyl ester was obtained as a colourless liquid, b. p. 125°/4 mm. 
(Found: C, 66-6; H, 9-7. C,s;H,,O, requires C, 66-7; H, 9-6%). 

(+)-isoFenchone (II).—A mixture of the above dicarboxylic acid (VI) (3-9 g.) and barium hydroxide 
(0-4 g.) was heated in a bath of mixed nitrates at 310—330° (internal temperature) in a distilling flask 
fitted with a thermometer which reached to the bottom. Reaction began at about 310°, and the ketone 
distilled regularly. When the distillation slackened, the tem ture was kept at 330° for 20 minutes. 
The product was isolated by means of a little ether, and washed with sodium hydrogen carbonate solution 
and water. After being dried and freed from solvent, the residue (2-6 g.) was gently warmed with 
semicarbazide hydrochloride (4 g.), sodium acetate (6 g.), and sufficient aqueous alcohol to make a clear 
solution. The semicarbazone quickly separated, and after recrystallisation from aqueous alcohol had 
m. Br 222—223°, alone or admixed with an authentic specimen (Found: C, 63-4; H, 9-2. Calc. for 
C,,H,,ON,: C, 63-2; H, 9-1%). Wallach (loc. cit.) gives m. p. 223—224°. By distillation of the 
semicarbazone in steam in an all-glass a tus with excess of oxalic acid, the ketone was regenerated in 
almost theoretical yield. (-+)-isoFenchone on distillation in a vacuum in an all-glass apparatus had 
b. p. 82°/12 mm., d32° 0-93246, n2° 1-457005, [Ri]p 44-31 (Calc., 43-99) (Found : C, 78-9; H, 10-5. Calc. 
for C,.H,,0: C, 78-9; H, 10-5%). Wallach (“ Terpene und Campher ”’, 1914, p. 556) gives d}** 0-948, 
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ny 1-4621, [Ry]p 44-32. Bertram and Helle (loc. cit.) give di5° 0-950, n}S° 1-46189, [Ri]p 43-97. The 
substance has a pleasant odour reminiscent of camphor and is saturated to the usual reagents. 

The lead salt of the acid (VI) on distillation in a stream of carbon dioxide also furnished the ketone, 
although in a poorer yield. 

(+)-cis-isoFenchocamphoric Acid (I1).—A mixture of synthetic (-+)-isofenchone (1-1 c.c.) regenerated 
from the semicarbazone, potassium permanganate (2-5 g.), potassium hydroxide (1-1 g.), and water 
(100 c.c.) was warmed to 70° and shaken until the colour of the permanganate was completely discharged. 
(+)-cis-isoFenchocamphoric acid (1-0 g.), isolated in the usual way, on recrystallisation from hot water 
had m. p. 174—175° and did not depress the m. p. of an authentic rary; or of the synthetic acid 
described previously (Found: C, 60-1; H, 8-1. Calc. for C,)H,,0, : 60-0; H, 8-0%). It also gave 
the anhydride, m. p. 95—96° (Aschan, loc. cit.). 


We wish to express our indebtedness to Professor G. Komppa for kindly supplying us with genuine 
specimens of (-+)-zsofenchone and various of its derivatives which greatly facilitated this work. 


UNIVERSITY COLLEGE OF SCIENCE AND TECHNOLOGY, 
CALCUTTA. [Received, March 17th, 1948.] 





47. The Intervalency Angles of Oxygen and Sulphur in Dioxan, 
Dithian, Trioxymethylene, and Trithioformaldehyde. 
By K. E. CaLtpEerRBankK and R. J. W. Le Févre. 


The dipole moments of trioxymethylene and trithioformaldehyde, determined in benzene 
solution, suggest that in molecules of type (II) the valency angles of sulphur and oxygen are 
approximately equal. This is in contrast to earlier conclusions drawn from measurements 
on molecules of type (I). Dioxan and dithian (type III) both have very small or zero moments. 


BENNETT, Earp, and GiassTonE (J., 1934, 1179) showed the dipole moment of diphenylene 
dioxide (I, X = O) to be experimentally indistinguishable from zero, in contrast with that of 
thianthren (I, X = S) for which values of 1°7 p. (Bergmann and Tschudnowsky, Ber., 1932, 65, 


CH, 


(II.) 


458), 1°41 p. (Smyth and Walls, J. Chem. Physics, 1933, 1, 337), 1°54 p. (Bennett and Glasstone, 
J., 1934, 128), and 1°57 p. (Campbell, Le Févre, Le Févre, and Turner, J., 1938, 404) have been 
recorded. The last two groups of authors concluded, therefore, that the intervalency angles 
of X in the structure (I) are ca. 120° for oxygen, and less than this, perhaps 110°, for sulphur. 
In view of the fairly high polarity of paraldehyde (2-03 p., Le Févre and Russell, J., 1936, 496) 
and the low polarity of dioxan (for references, see below), it seemed of interest to make analogous 
comparisons for the oxygen and sulphur compounds corresponding to (II) and (III). 

Measurements of trioxymethylene, dithian, and trithioformaldehyde are therefore now 
reported (= 2°1,, ca. 0, 2°3, D. respectively). - Those on trioxymethylene were completed in 
1939 at University College, London. During the war, Maryott and Acree (J. Res. Nat. Bur. 
Stand., 1944, 33, 71) also examined this molecule, finding p = 2°18 p., with which our value is 
in excellent agreement. 

Theoretically the structures represented by (II) may adopt strainless configurations of the 
Sachse type (Ber., 1890, 23, 1363), in which the three X atoms are either all above the plane 
containing the centres of the three carbon atoms (‘‘ chair ’’ forms), or two above this plane and 
one below it (‘‘ boat’’ forms). In fact, however, such isomeric pairs do not seem to be isolable. 
An allegedly second form of trithioformaldehyde of m. p. 247° (Hinsberg, Ber., 1923, 56, 1850; 
1924, 57, 836; J., pr. Chem., 1933, ii, 188, 214) has been shown by Bell and Bennett (/J., 1929, 15) to 
disagree analytically with the formula (CH,S), although on recrystallisation the ordinary form, 
m. p. 216°, can be obtained from it. The single known substances therefore may each be either 
(a) wholly ‘‘ boat ” or “‘ chair ” individuals, or (b) equilibrium mixtures of the two configurations 
(resembling the equilibria commonly supposed for simple cyclohexane rings). 

Geometrical isomers of paraldehyde are likewise unknown, but electron diffraction studies 
on its vapour (Ackerman and Mayer, J. Chem. Physics., 1936, 4, 377; Carpenter and Brockway, 
J. Amer. Chem. Soc., 1936, 58, 1270) are compatible with a puckered ring of carbon and oxygen 
atoms, i.¢., a “‘ chair” model. Trimethylene trioxide and trisulphide (II), whose crystal 
structures are found by X-ray investigation to be alike (Moerman, Rec. Trav. chim., 1937, 56, 
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161; Moerman and Wiebenga, Z. Krist., 1937, 97, 323), resemble gaseous paraldehyde in being 
also ‘‘ chair’? forms. Accordingly it seems a priori probable that these compounds will dissolve 
in benzene with retention of this molecular configuration. 

Our results may be analysed as follows : 

If u, is the appropriate C-X—C moment, the expected moments for the “ boat ” and “‘ chair ” 
varieties of (II) are calculable as p, sin 6 and 3y, sin 6 respectively, where 6 is the angle between 
the plane of the C-X-C bonds and that through the three methylene carbon atoms. The angle 
6 is readily given by 
(2 sin 8/2 — sin «/2) 

31/2 cos a /2 ; 


a being the valency angle of the atom X and 8@ that of carbon. 

A selection of our calculations, relating to « and 8 values around 110°, and utilising for p, 
the moments recorded for dimethyl ether and dimethyl sulphide (Tvans. Faraday Soc., 1934, 
30, Appendix), namely 1°3 and 1°4 D., is given in Table I. 


-cos § = 





TABLE I. 
Estimated moments for (CH,X); (chair form). 
100° 105° 110° é 120° 125° 


Intervalency angle of carbon = 105°. 
43°27’ 42°31’ 41°12’ 39° 24’ 33° 44’ =. 28° 58’ 
2-7 2-6 2-6 2-5 2- 2-1 . 
2-8 2-8 2-7 ° 2-3 


Intervalency angle of carbon = 110°. 
39° 39’ 38°37’ 36°43’ 34°28’ 31°21’ 26° 55’ 
2-5 2-4 2-3 2-2 . 1-8 
2-6 2-5 2-4 . 1-9 


Intervalency angle of carbon = 115° 
35° 46’ 34°. 12’ 32° 5’ 29° 9’ 18° 36’ 
2- 


2-2 0 1-9 ‘ 1-2 
2-4 2-2 2-0 . 1-3 


The moments of the “‘ boat ”’ forms are of course 4 of the figures shown above. Comparison 
of the results now obtained (2°2, 2°4 p.) with the calculated values suggests that both compounds 
exist in a ‘‘ chair’ configuration, or as a mobile equilibrium in which this form considerably 
predominates. If the compounds are single rigid individuals then our present experiments 
provide immediate estimates of the valency angles, thus : 


If the carbon angle = 105°, the oxygen and sulphur angles cannot be less than ca. 117°. 
If the carbon angle = 110°, the oxygen and sulphur angles cannot be less than 110°. 
If the carbon angle = 115°, the oxygen and sulphur angles cannot be less than 100°. 


It is easily seen from Table I that if, instead of uy,.x, larger values (e.g., the moments 
reported for tetrahydrofuran and tetrahydrothiophen, Robles, Rec. Trav. chim., 1939, 68, 111) 
are adopted, these minimum angles would be enlarged. However, X-ray investigations on 
crystalline trioxymethylene and trithioformaldehyde (Moerman; Moerman and Wiebenga, 
locc. cit.) are in agreement with intervalency angles for oxygen and sulphur which are tetrahedral 
within rather wide limits of error. It is noteworthy that an assumption of 110° throughout 
for C, O, and S gives good accord with our measurements. 

The valency angles of these elements in other compounds have been given values by various 
workers extending over a range of some 70°. (For references see below; Bennett and Glasstone, 
loc. cit.; Bennett, Earp, and Glasstone, Joc. cit.) Perhaps aromatic and aliphatic compounds 
should be considered separately. Hampson and Sutton (Trans. Faraday Soc., 1935, 31, 945), 
having concluded that the O and S angles in dipheny] ether and sulphide respectively are 128° + 4° 


(* 


WAR 
and 113° + 3°, point out that mesomeric shifts (such as Ph—O—4 FLO) could have the 


effect of increasing the central valency angle from the tetrahedral value up to as much as 145°, 
and—provided oxygen forms a double bond with an Ar-nucleus more readily than does sulphur 
—the planarity of diphenylene dioxide and the non-planarity of thianthren should be under- 
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standable. Yet, despite the fact that ugs seems generally to be greater than uo. (Hunter and 
Partington, J., 1933, 87) the moments of 4: 4’-dibromodiphenyl ether and sulphide are less 
than 0°2 p. from identical (Hampson, Farmer, and Sutton, Proc. Roy. Soc., 1933, 143, 147)—a 
difference of the order reported for aliphatic pairs (Hunter and Partington, J., 1931, 2062; 1932, 
2819) or for tetrahydrofuran and tetrahydrothiophen (Robles, loc. cit.). It therefore seems 
impracticable to take the view that either oxygen or sulphur has a “‘ natural” intervalency 
angle. The possibility that the conclusions based on the dipole moments of the two structures of 
type (I) are not general was mentioned by Bennett and Glasstone (loc. cit.). The present 
measurements illustrate this, since by analogy with thianthren and diphenylene dioxide a much 
higher moment for trithioformaldehyde than for trioxymethylene should be expected; instead, 
the observed moments are not far from equal. 

Again, with the recorded facts of the comparison (II) in mind, and applying arguments 
similar to those used for (? the flexible) 1 : 4-cyclohexadione (Le Févre and Le Févre, /., 1935, 
1696), we expected the moment of 1 : 4-dithian to be greater than that of 1: 4-dioxan. Instead 
we find no notable difference, dithian being non-polar within the limits of our experimental 
accuracy, while dioxan may have a small moment (as a liquid) of the order 0°4 p. Either, 
therefore, these two molecules (a) are not in mobile boat and chair equilibria at ordinary 
temperatures, but are flat, or (b) exist as rigid chair (¢vams) structures. The latter explanation 
requires a S angle of less than 120°, and/or a higher degree of resistance to valency deflection by 
S than by O. In all instances where related oxygen and sulphur compounds have been studied 
by the same method, the S angle has been reported as the smaller (Glasstone, Ann. Reports, 
1935, 133; 1936, 84; Sutherland, ibid., 1938, 51; Balfe and Kenyon, ibid., 1942, 116); this is 
true even in the cases of furan and thiophen (ZCOC = 107°, ZCSC = 91°; Pauling and 
Schomaker, J. Amer. Chem. Soc., 1939, 61, 1769). 


EXPERIMENTAL. 


Materials.—The three solutes were prepared by the methods noted by Beilstein (“‘ Handbuch ”’, 
XIX, 3, 382; XIX*, 609, 804). The melting points conformed to the literature values. 

Measurements.—These were made in the manner and on the apparatus described previously (J., 1948, 
1949). The symbols are those customarily used by us (cf. J., 1937, 1805). 


TABLE II. 
100w,. 5", a. ep. Bay. Dithian in benzene. 
2-2725  0-87378 _ — 100w,. <20°, aie. 
2-2626 0-86844 
0-86930 


. , 0 
Trioxymethylene in benzene. 0-3252 ie 
2-2950 0-87475 5-48 0-236 0-5074 2-2640 0-86951 


2-2992 0-87500 5-37 0-245 0-8502 _ 0-87044 
2-3151 0-87569 5-50 0-246 1:2025 2-2652 0-87124 
2-3285 0-87621. 5-66 0-245 1-5560 2-2655 0-87230 

2-7358 $$ 2-2685 0-87524 


Trithioformaldehyde in benzene. 


100w,. ee. &. Qe. Ba. 100w,. es, a. Aé>. Bag. 
0-0851 2-2762 0-87414 4-35 0-423 0-2308 2-2808  0-87474 3-60 0-416 
0-1369 2-2775 0-87440 3-87 0-453 0-2433 2-2811 0-87478 3-53 0-411 
0-1633 — 0-87448 oe 0-429 0-3087 2-2822 0-87514 3-14 0-441 
0-2008 2-2797 0-87464 3-59 0-428 


The extrapolated values of 7P, at infinite dilution have been calculated from the above data by the 
equation yPo = M,[p,(] — B) + cae,) (cf. J., 1937, 1805). Temperatures of 30° were unfortunately 
necessitated by climatic conditions when the measurements on dithian were made. Appropriate values 
of p, and ¢ are, for 25°, 0-3408 c.c. and 0-1881 c.c., and for 30°, 0-3411 c.c. and 0-1901 c.c. respectively. 
Since the drift in ae, for trithioformaldehyde plotted fairly smoothly against w,, the value for w, = 0 
was therefore used in the following Table. In the other two cases, and with f throughout, the figures 
are averages. - 


TABLE III. 


Compound. , B. oP, (c.c.). [Rz]p (c.c.). 
Trioxymethylene . 0-278 115-3 19-3 * 
Trithioformaldehyde . 0-491 155-0 37-8 Tt 
Dithian . 0-274 34:8 34-4 T 


* Calculated as [R]paraidehyte — [R]osus- ¢ Calculated from atomic refractivities. 
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Maryott and Acree (loc. cit.) found oP, for trioxymethylene in benzene at 25° to be 114-4 c.c.; this 
figure together with 18-8 c.c. for the distortion polarisation gives 2-18 D. for the moment. 

Dipole Moment of Dioxan.—Greene and Schwingel (J. Amer. Chem. Soc., 1934, 56, 653) have shown 
that as a gas between 337° and 487° K. dioxan is non-polar. Recorded data for the liquid display 
variations—possibly due to the difficulties of obtaining an anhydrous pure specimen. Table IV lists 
the figures given by workers who have used dioxan as a solvent in dielectric-constant work. 


TABLE IV. 


2", ee. an”. (Ps)e> C.-C. [Rz]p c.c. 
2-306 1-0311 1-42032 25-90 21-63 
2-233 —_ —_ 
2-3060 1-02798 — 25-96 — 
2-3051 1-0268 1-42025 26-00 21-71 
2-2106 1-0277 — 24-64 
2-2093 1-02920 — 24-58 
2-2159 1-02750 — 24-72 
2-2198 — —_ 
2-2178 1-02785 1-41990 25-62 
2-2075 1-02785 1-41990 24-59 
2-218 1-0281 — 24-73 
2-213 1-0278 —_— 24-67 
2-210 1-0277 —_ 24-63 

20", a. (Px) s@- 
2-316 1-0330 26-00 


2-320 1-0340 26-01 
{2243 1-0325 20h 


® 
as 


© CDHAGSTRWWe 


—_ 
Oo 


2-243 1-0324 24-99 
2-244 1-0326 25-00 


* From unquoted experimental observations in reference 11. 
1 Smyth and Walls (J. Amer. Chem. Soc., 1931, 58; 2117; 1932, 54, 3230). 
Ulich and Nespital (Z. physikal. Chem., 1932, B, 16, 229). 
Le Févre and Le Févre (/., 1935, 957). 
Frey and Gilbert (J. Amer. Chem. Soc., 1937, 59, 1344). 
Dostrovsky and Le Févre (J., 1939, 535). 
Caldwell and Le Févre (ibid., p. 1621). 
Bloom and Sutton (J., 1941, 727). 
Berg and. Jensen (Annalen, 1941, 548, 116). 
Friediger and Jensen (Kgl. Danske Videnskab. Selskab, 1943, 20, Nr. 20). 
Curran and Chaput (J. Amer. Chem. Soc., 1947, 69, 1134). 
Hunter and Partington (J., 1935, 87). 
Cowley and Partington (J., 1936, 47). 


The total polarisations are seen to fall between 26-00 and 24-58 at 25° and 26-01 and 24-90 at 20°. 
Our own samples were stored over sodium in addition to having passed through the normal purification 
procedure (e.g., that of Cowley and Partington, Joc. cit.). Taking 24-6 c.c. as 7P,,- and [Rz]p = 21-7 c.c., 
the apparent moment is 0-38 D. at 20°; Cowley and Partington’s lowest 7P, namely, 24-9 c.c., corresponds 
tou = 0-40 p. Greene and Schwingel (Joc. cit.) give 24-5 c.c. as the mean polarisation over the temperature 
interval quoted above. 

Note added May 24th, 1948.—When the above was written the paper by Hassel and Viervoll (Acta 
Chem. Scand., 1947, 1, 149) had not arrived in Australia. These authors report results of electron- 
diffraction studies on, inter alia, dioxan, dithian, and trithian. For all three, ‘staggered’ or “ chair”’ 
structures are indicated as the most probable. The angles recorded are: in dioxan, C-C-O = 106° and 
C-O-C = 108° (cf. Brockway and Sutton, J. Amer. Chem. Soc., 1935, 57, 473); in dithian, C-C-S = 111° 
and C-S-C = 100°; in trithian, S-C-S = 106-5° and C-S-C = 114-5°. In general, therefore, our results 
are reconcilable with those of Hassel and Viervoll notwithstanding the differences of method and state. 


The standard Sullivan variable air condenser was originally purchased from a grant by the Chemical 
Society’s Research Grant Committee, and grateful acknowledgment is made. 


UNIVERSITY OF SYDNEY, N.S.W., AUSTRALIA. [Received, March 30th, 1948.] 
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48. Insecticidal Activity and Chemical Constitution. Part I. 
Chlorinated p-Chloroethylbenzenes. 


By D. Woopcock. 


The preparation of some chlorinated -chloroethylbenzenes and #-chlorostyrenes is 
described, and relative toxicities against the grain-weevil (Calandra granaria L.) are given and 
discussed briefly. 


THE mode of insecticidal action of 1:1: 1-trichloro-2 : 2-di-(4-chlorophenyl)ethane (D.D.T.) 
is not yet clearly understood. Its efficacy as an insecticide has been variously attributed to 
the presence in the molecule of two p-chlorophenyl groups as toxophores (Laiiger, Martin, and 
Miiller, Helv. Chim. Acta, 1944, 27, 892), and to the loss of hydrogen chloride from the tri- 
chloroethylidene group (Martin and Wain, Nature, 1944, 154, 512). In this latter concept, 
it is suggested that the function of the p-chlorophenyl residues is to increase lipoid solubility. 

The active ingredient of the German insecticide formerly called ‘‘ Lucex ” (B.I.0.S. Final 
Reports, No. 1095, p. 26; No. 1480, p. 46) prepared by the side-chain chlorination of p-chloro- 
ethylbenzene, thus contains one lipoid-solubilising group, though the precise structure of the 
side-chain (said to be chlorinated to —C,HCl,) has not been determined. Some of the com- 
pounds likely to be present in “‘ Lucex’”’ were therefore prepared for bio-assay, and a com- 
parison of the relative toxicities to Calandra granaria is given in the Table. None of these 


Compound. Toxicity.* Compound. Toxicity.* 
I (a) p-Cl-C,H,°CCl,°CCl, 5 II (a) p-Cl-C,H,-CHCI-CCl, 
b) p-Cl-C,H,°CCl,°CHCl, : (6) p-Cl-C,H,°CHClI-CHCl, 
c) p-Cl-C,H,°CCl,°CH,Cl . (c) p-Cl*C,H,-CHCI-CH,Cl 
(d) p-Cl-C,H,*CHCI-CH, 
Compound. Toxicity.* 
III (a) p-Cl-C,H,°CC1:CCl, 0-34 
(b) p-Cl-C,H,-CCL-CHC1 0-13 
(c) p-Cl-C,H,°CCI-CH, 0-08 
(d) p-Cl’C,H,°CH:CH, 0-05 


* Relative at L.D. 50. 


compounds proved as effective as DDT, but it is not possible to give a comparable figure because 
the technique employed gives, with DDT, a probit mortality—dosage curve of low slope. Fuller 
particulars of the bio-assay method and results will be published elsewhere. 

Relative potency increases with increasing chlorine content of the side-chain, though com- 
plete chlorination results in a virtually non-toxic product (Ia), which moreover is incapable of 
losing hydrogen chloride (cf. Martin and Wain, Joc. cit.). The ethylenic compounds (Series III) 
which were formed as intermediates in the synthetical route employed were also tested, and it 
was again shown that there was a direct relationship between toxicity and chlorine content. 
Dehydrochlorination of the compound (IIIa) in the same way as for members of the other 
two series is clearly impossible, and insecticidal activity here may possibly be due to liberation 
of hydrogen chloride by hydrolysis or to the ethylenic linkage. 

The substituted ethanes of series (II) were synthesised by the following route : 


Al(OPr), PCI, 
(IV.) p-ClC,H,COR —— > (V.) p-ClC,H,CHR-OH ——> -Cl-C,H,yCHRCI 


The carbinols (V; R= CH;, CH,Cl, and CHCl,) were prepared in excellent yield from 
the corresponding chloroacetophenones (IV) (Gautier, Ann. Chim. 1888, 14, 373, 379, 402) 
by reduction with aluminium isopropoxide and the trichloro-carbinol (V; R = CCl,) was 
obtained in 80% yield as a crystalline solid, m. p. 47—48°, by the condensation of ~-chloro- 
phenylmagnesium bromide and freshly distilled chloral (cf. Howard and Castles, J. Amer. 
Chem. Soc., 1935, 57, 2317; Haller et al., ibid., 1945, 67, 1601). Treatment of the carbinols with 
a suspension of phosphorus pentachloride in dry benzene gave smooth conversions to the 
corresponding chloro-compounds (IId, c, b, and a). Dehydrohalogenation to the ethylenes 
(III) was generally accomplished by treatment with the calculated amount of alcoholic potassium 
hydroxide at room temperature, though the compound (IId) was stable under these 
conditions and required excess of this reagent at 100° for complete conversion into /-chlo- 
rostyrene. 

Addition of chlorine to the ethylenes (IIIa, b, and d) was done in chloroform or carbon 
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tetrachloride solution at 0°, and the resulting ethanes (Ia, Ib, and IIc) were isolated by aspir- 
ation of the solvent and distillation of the residue. Attempts to prepare the compound (Ic) 
from the appropriate ethylene by addition of chlorine were not successful, since even at 0° 
some substitution took place at the B-carbon atom in the ethylene (IIIc), and subsequent 
addition gave a product containing a variable amount of (Ib). Treatment of the ketone (IV; 
R = CH,Cl) with a slight excess of phosphorus pentachloride at 130°, however, gave (Ic) in 
80% yield. Nitration of this compound using fuming nitric acid resulted in the loss of chlorine 
with the formation of 4-chloro-3-nitrophenyl chloromethyl ketone (VI), but confirmation of the 
structure was achieved by conversion into the ethane (IIb) by dehydrochlorination and sub- 
sequent addition of chlorine, followed by comparison of the nitro-derivatives. 


4 \—c=ccl 7 _—CH-CCl 7\—c=CCl 
© oe |e 
\ \ ~ 

(VII.) (IIL) (IX.) 


With the exception of the hexachloro-compound (Ia), m. p. 63—64°, the ethanes (series I) 
were liquids which by further successive dehydrochlorinations and additions of chlorine also 
gave this compound as the ultimate product. 

The structure of the compound, m. p. 77—78°, obtained when excess of ethyl-alcoholic 
potassium hydroxide at 100° was used to dehydrohalogenate (IIb), was confirmed as (VII) 
by addition of chlorine and isolation of (Ia) in theoretical yield. 

Loss of one molecule of hydrogen chloride from the ethanes (IIb and IIc) can take place 
in two ways. Biltz (Annalen, 1897, 296, 276) has reported that 1: 1 : 2-trichloro-2-phenyl- 
ethane on treatment with ethyl-alcoholic potassium hydroxide at 30—40° gave 1 : 1-dichloro- 
2-phenylethylene. In the 4-chlorophenyl series, however, it has now been demonstrated by 
mononitration of the corresponding ethanes and comparison of the appropriate nitro-deriv- 
atives that the alternative route is taken; (IIa) gives 1: 2-dichloro- and (IIc) gives 1-chloro- 
1-(4-chlorophenyl)ethylene. 

In general, the nitro-derivatives of the ethanes (series I and II) resisted oxidation. by 
alkaline potassium permanganate, but, after dehydrochlorination, oxidation to 4-chloro-3- 
nitrobenzoic acid was readily accomplished by using potassium permanganate in acetic acid 
solution, thus establishing the position of the nitro-group. From the nitro-derivative (VIII), 
either aqueous or alcoholic potassium hydroxide replaced the labile nuclear halogen by ethoxyl 
forming (IX; R = OEt), and subsequent oxidation gave 3-nitro-4-ethoxybenzoic acid. 


EXPERIMENTAL. 
(M. p.s are uncorrected; C, H, and N microanalyses are by Drs. Weiler and Strauss.) 


2:2: 2-Trichloro-1-(4-chlorophenyl)ethanol (V; R = CCl,).—This was prepared according to Haller et 
al. (loc. cit.). The colourless viscous liquid solidified completely on standing, and crystallised from light 
petroleum (b. p. 40—60°) in aggregates of large colourless rhombic prisms, m. p. 47—48° (Found : 
C, 37-2; H, 2-2; Cl, 54-6. Calc. for CgH,OCI,: C, 36-9; H, 2-3; Cl, 54-6%). Howard and Castles 
(loc. cit.) and Haller et al. (loc. cit.) give only the b. p. The acetate crystallised from methyl alcohol 
in large prisms, m. p. 123—124°. Howard and Castles (loc. cit.) give m. p. 120—121°; Wain (unpub- 
lished) gives m. p. 125°. 

1:1: 1: 2-Tetvachloro-2-(4-chlorophenyl)ethane (Ila).—Prepared according to Haller et al. (loc. cit.), 
this was a water-white, pleasant smelling liquid, b. p. 157—159°/14 mm., n}}° 1-5833. Treatment with 
excess of fuming nitric acid at 100° for 5 minutes gave 1 : 1 : 1 : 2-tetrachloro-2-(4-chloro-3-nitropheny]l)- 
ethane (VIII) which crystallised from light petroleum (b. p. 40—60°) in aggregates of large colourless 
prisms, m. p. 72—73° (Found: Cl, 54-1. Calc. for C,H,O,NCl, : Cl, 54-8%). Haller e¢ al. give m. p. 73°. 
On several occasions nitrations done under apparently identical conditions gave a product, m. p. 117— 
119°, which crystallised from ether in colourless monoclinic prisms, m. p. 120—121° (Found: C, 30-0; 
H, 1:3; N, 5-2; Cl, 54:7. C,H,O,NCI, requires C, 29-7; H, 1-2; N, 4:3; Cl, 54-8%). This substance 
depressed the m. p. of (VIII), and, although the two are isomeric, no evidence of dimorphism could be 
obtained since solutions could not be mutually seeded. It is being further investigated. 

1 : 1 : 2-Trichloro-2-(4-chloro-3-nitrophenyl)ethylene (IX; R=Cl).—The above nitro-compound 
(VIII), m. p. 72—73°, was refluxed for 2 hours with excess of 10% aqueous sodium hydroxide. The 
product (0-3 g.), isolated by extraction with ether, crystallised from methyl alcohol in pale yellow 
needles, m. p. 81—81-5° (Found: C, 33-2; H, 1-1; N, 5-0; Cl, 48-7. C,H,O,NCI, requires C, 33-4; 
H, 1-1; N, 4:9; Cl, 49-56%). This compound was also produced in attempts to oxidise (VIII) by alkaline 
potassium permanganate. 

1: 1 : 2-Trichlovo-2-(3-nitro-4-ethoxyphenyl)ethylene (IX; R = OEt).—The compound (VIII) (1-0 g.) 
was treated with excess of ethyl-alcoholic potassium hydroxide at 100° for 0-5 hour, and the excess of 
alcohol distilled off. The product (0-75 g.), isolated with ether, crystallised from ethyl alcohol in prisms, 
m. p. 103—104° (Found: C, 40-6; H, 2-8; N, 4-8; Cl, 35-8. C,,H,O;NCI, requires C, 40-5; H, 2-7; 
N, 4:7; Cl, 359%). Treatment with excess of fuming nitric acid at 100° for 0-25 hour gave 3: 5- 


. 
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dinitro-4-ethoxybenzoic acid (0-5 g.) which crystallised from acetone-light Ys ageanes na (b. p. 40—60°) 


(1: 1) in stout prisms, m. p. 194—195° (Found: C, 42-5; H, 3-1; N, 10-9; equiv., 246. Calc. for 
C,H,O,N,: C, 42-2; H, 3-1; N, 10-9%; equiv., 256). Jackson and Ittner (Amer. Chem. J., 1897, 
19, 215) give m. p. 192°. 

Oxidation in aqueous acetic acid with potassium permanganate gave 3-nitro-4-ethoxybenzoic acid 
which crystallised from acetone—benzene (1 : 3) in plates, m. p. 200—201° (Found: C, 51-2; H, 4-5; 
N, 6-9. Calc. for C,H,O,N: C, 51-2; H, 4:3; N, 66%). King and Murch (J., 1925, 2632) give m. p. 
200—201°. 

1: 1 : 2-Trichloro-2-(4-chlorophenyl)ethylene (I11a).—The ethane derivative (IIa) (3-1 g.) was refluxed 
with a solution of sodium hydroxide (0-45 g., 1 mol.) in ethyl alcohol (20 c.c.) for 0-5 hour, water (20 c.c.) 
added, and the alcohol distilled off. The residual fragrant-smelling water-insoluble yellow oil was 
extracted with ether, the extract dried, and the solvent removed. Distillation of the residue gave 
2-4 g., b. p. 136°/16 mm., n}5" 1-6019. One specimen of the compound after several months solidified 
completely (prisms), and ‘then had m. p. 24—26° [Found: C, 36-7; H, 1-9; Cl, 58-8; M (Rast), 235; 
C,H,Cl, requires C, 36-5; H, 1-7; Cl, 58-6%; M, 241-8}. 

B:2:8:8:3 -Pentachloro-2-(4-chlorophenyl) ethane (Ia).—The ethylene (IIIa) (2-4 g.) was dissolved 
in carbon tetrachloride (5 c.c.), saturated with’dry chlorine at 0°, and left overnight at the same tem- 
perature. After removal of the solvent by aspiration, the residue was distilled, and the distillate 
(2-4 g., b. p. 176—178°/17 mm.) solidified completely on cooling. The product crystallised from methyl 
alcohol in prismatic plates, m. p. 63—64° (Found: C, 30-6; H, 1-6; Cl, 67-5. C,H,Cl, requires C, 30-7; 
H, 1-3; Cl, 68-0%). Treatment with excess of fuming nitric acid as previously described gave 
1:1:1: 2: 2-pentachloro-2-(4-chloro-3-nitrophenyl)ethane which crystallised from ethyl alcohol in long 
monoclinic prisms, m. p. 95—96° (Found: C, 26-7; H, 1-1; N, 4:1; Cl, 58-4. C,H,O,NCl, requires 
C, 26-8; H, 0-8; N, 3-9; Cl, 59-5%) 

4-Chloropheny. 1 Dichloromethyl a (IV; R = CHCl,).—4-Chloroacetophenone, prepared according 
to Gautier (Ann. Chim., 1888, 1 14 373) (25 g.) was heated in an oil-bath at 110—120° for 3 hours during the 
rapid passage of chlorine. On cooling, the product solidified; it crystallised from ethyl alcohol in 
massive prisms (27 g.), m. p. 61—62-5° (Found: Cl, 47:3. Calc. for C,H,OCl,: Cl, 47-6%). Gautier 
(ibid., p. 402) gives m. p. 51°. Attempts to prepare a 2 : 4-dinitrophenylhydrazone led to an orange-red 
product which crystallised from glacial acetic acid in prisms, m. p. 300—301° (decomp.) (Found : 
“ re Fo 2-8; N, 19-8; Cl, 7-5, 7°8%). The constitution of this substance has not yet been 
elucidat 

2 : 2-Dichloro-1-(4-chlorophenyl)ethanol (V; R = CHCl,).—The above ketone (IV; R = CHCl,) was 
reduced by means of aluminium fe oy as described in ‘‘ Organic Reactions,’’ Vol. II, p. 198. 
Cleaned aluminium foil (4-0 g.) was dissolved by refluxing with isopropyl alcohol (80 c.c.) in the presence 
of mercuric chloride (0-2 g.) and carbon tetrachloride (0-8 c.c.), solution being complete in 2 hours. 
The ketone (18-9 g.), also dissolved in a alcohol (80 c.c.), was added, and the solvent distilled 
off slowly, acetone being no longer detectable in the distillate after 2—3 hours. Any remaining solvent 
was removed, and the residual viscous mass was cooled, treated with 2N-hydrochloric acid, and extracted 
with ether. Removal of the solvent from the dried extract and distillation of the residue gave the 
carbinol as a colourless liquid (18-4 g.), b. p. 158°/14 mm. (Found: Cl, 46-4. Calc. for C,H,OCI,: Cl, 
47-2%) (cf. Haller ef al., loc. cit.). Acetylation by refluxing with excess of acetic anhydride and fused 
sodium acetate gave the acetate, b. p. 115—117°/0-3 mm., n} 1-5430 (Found: Cl, 39-1. C, H,O,Cl, 
requires Cl, 39-8%). Attempts to prepare crystalline p-nitro- or 3: 5-dinitro-benzoates were 
unsuccessful. 

1: 1: 2-Trichloro-2-(4-chlorophenyl)ethane (I1b).—The carbinol (V; R= CHCI,) (7-7 g.) in dry 
benzene (10 c.c.) was added in small amounts with cooling and shaking to a ey Sor of phosphorus 
pentachloride (7-5 g.; 1 mol.) in dry benzene (10 c.c.), and the solution finally heated at §0—70° for 
0-25 hour. After coolin , water (20 c.c.) was added, the benzene layer weshed with sodium hydrogen 
carbonate solution and dried, and the benzene removed. Distillation of the residue gave a colourless 
ern ye! liquid (7-5 g.), b. p. 99—101°/0-2 mm. (Found: Cl, 57-3. C,H,Cl, so Cl, 58-2%). 

reatment of this tetrvachloro-compound with fumimg nitric acid gave 1: 1 : 2-trich 0-2-(4-chloro-3- 
nitrophenyl)ethane which crystallised from methyl alcohol in rosettes of pale yellow “Sia. m. p. 97— 
98° (Found: C, 34-0; H, 2-1; N, 5-0; Cl, 47:7. C,H,O,NCI, requires C, 33-2; 1-7; .N, 4:8; Cl, 
49-1%). 

1 : 1-Dichloro-2-(4-chlorophenyl)ethylene (IIIb).—A solution of (IIb) (4-0 g.) in ethyl alcohol (5 c.c.) 
was added in 4 portions with shaking to ethyl-alcoholic potassium hydroxide (1 g. in 5 c.c.), the tem- 
perature being kept below 50°. After 4 hours at 20° the alcohol was removed under reduced pressure, 
water (10 c.c.) added, and the product extracted with ether. Distillation of the oil left after removal 
of the solvent from the dried extract gave a colourless liquid (3-6 g.), b. p. 85—87°/0-6 mm. (Found : 
Cl, 50-9. C,H,Cl, requires Cl, 513%). After several days the liquid became cloudy and gradually 
deposited p-chlorobenzoic acid, m. p. 234—-235° undepressed by admixture with an authentic specimen. 

1-Chloro-2-(4-chlorophenyl)acetylene (VII).—The chloro-compound (IIb) (4-0 g.) was refluxed for 
0-5 hour with excess of ethyl-alcoholic potassium hydroxide, and the product isolated as described 
above. Crystallisation of the residue from a small amount of light —n rn P. 40°) gave large 
fs plates (0-4 g.), m. p. 77—78° (Found: C, 55-4; H, 2-5; Cl, 42-2. requires C, 56-1; 

2-3; Cl, 41-56%). The mother liquors contained a large roportion of aitby “a solution of the 
above product (VII) in carbon tetrachloride was saturated with chlorine at 0° and left for 18 hours at 
the same temperature. Removal of the solvent by aspiration gave a residue which crystallised from 
methyl alcohol in plates, m. p. 59—60°, undep canal by admixture with the previously prepared 
Be SS Fe E- Ne ae Njethane (Ia). 

1:1: 2: 2-Tetrachloro-1-(4-chlor yijethane (Ib).—The ethylene derivative (IIIb) (5-2 g.) was 


dissolved in chloroform (5 c.c.), cooled to 0°, and saturated with dry chlorine. A 18 hours at 0°, 
the solvent was removed by aspiration ; distillation of the residue gave a colourless — (5-9 g.), 
b. p. 103—105°/0-6 mm., m§ 1-5907 (Found: Cl, 62-7. C,H,Cl, requires Cl, 63-7%). 


reatment of 
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this pentachloro-compound with fuming nitric acid as already described gave 1 : 1 : 2 : 2-tetvachloro-1- 
(4-chloro-3-nitrophenyl)ethane, which crystallised from methyl alcohol or a mixture of ether-light 
petroleum (b. p. 40—60°) in pale yellow prisms, m. p. 109—110° (Found: C, 29-4; H, 2-6; N, 4-6; 
Cl, 54-6. C,H,O,NCI, requires C, 29-7; H, 2-2; N, 4-4; Cl, 54-9%). 

4-Chlorophenyl Chloromethyl Ketone (IV; R= CH,Cl). '—Prepared according to Gautier (Amn. 
Chim., 1888, 14, 395) this ketone was collected from the reaction mixture in high yield as large prismatic 
plates, m . p. 98—100°, and after being washed with a little ethyl alcohol was sufficiently pure for reduc- 
tion (Found: Cl, 37- 6. Calc. for C,H,OCI,: Cl, 37-6%). Gautier (Joc. cit.) gives m. p. 101°. The 
2: 4-dinitrophenylhydrazone, prepared in ethyl-alcoholic solution, crystallised from glacial acetic acid 
in small red prisms, m. p. 205—206° (Found: C, 45-2; H, 2-8; N, 14-2; Cl, 17-9. C,,H,,0,N,Cl, 
requires C, 45-3; H, 3-2; N, 15-1; Ci, 19-1%). 

Treatment with excess of fuming nitric acid at 0° gave 4-chloro-3-nitrophenyl chloromethyl ketone 
(V1) which crystallised from a small amount of methyl alcohol in pale yellow monoclinic prisms, m. p. 84— 
85° (Found : C,41-4; H, 2-1; N, 6-0; Cl,30-0. C,H,O,NCI, requires C, 41-0; H, 2-4; N, 6-3; Cl, 30-3%). 

2-Chloro-1- -(4-chlorophenyl)ethanol (Vv; R = CH,Cl).—Prepared as described for the corresponding 
2 : 2-dichloro-compound (V; R = CHCl,), this compound was obtained as a colourless liquid, b. p. 
95—97°/0-1 mm., which solidified on standing. It crystallised from ether—light petroleum (b. p. 40— 
af in aggregates of prisms, m. p. 39—41° (Found: C, 50-3; H, 4:4; Cl, 37-1. C,H,OCl, requires 

C, 50-3; H, 4-2; Cl, 37-2%). Spath (Monatsh., 1914, 35, 472) only records b. p. Attempts to prepare 
the phenylurethane or the 3-nitrophthalic ester in 2 crystalline form were unsuccessful. The acetate 
was a colourless liquid, b. p. 160—162°/16 mm., jf" 1-5329 (Found: Cl, 29-7. CygH,,0,Cl, requires 
Cl, 30-5%). 

 F 2 Dichtore-1-(4-chtovophensiethene (IIc).—Prepared in 85% yield by the addition of a solution 
of the above carbinol (V; R = CH,Cl) in benzene to a suspension of phosphorus pentachloride (1 mol.) 
in benzene, this compound, isolated as previously described for the 1 : 1 : 2-trichloro-analogue (IIb), was 
obtained as a colourless liquid, b. p. 137—138°/18 mm. (Found: Cl, 50-5. C,H,Cl, requires Cl, 50-8%). 
Nitration with fuming nitric acid in the usual way gave 1 : 2-dichloro-1-(4-chloro-3-nitrophenyl) ethane 
as a pale yellow solid which crystallised from ether-light petroleum (b. p. 40—60°) (1 : 4) as triangular 
prisms, m. p. 52—53° (Found: C, 37-5; H,2-5; N,5-7; Cl,39-1. C,H,O,NCl, requires C, 37-7; H, 2-4; 
N, 5-5; Cl, 41-8%). 

1-Chloro-1- -(4-chlorophenyl) ethylene (IIIc).—The ethane (IIc) (3-1 g.) was added gradually to a solution 
of potassium hydroxide (0-83 g.; 1 mol.) in ethyl alcohol (5 c.c.), the temperature being kept below 50°. 
After 3 hours the alcohol was removed under reduced pressure, water (20 c.c.) added, and the product 
extracted with ether. Removal of the solvent from the dried extract and distillation of the residue 
gave a colourless liquid product (2-0 g.), b. p. 108—110°/18 mm. (Found: Cl, 40-9. C,H,Cl, requires 
Cl, 41:0%). After some days the liquid gradually deposited crystals of p-chlorobenzoic acid, m. p. 
235—236°, undepressed by admixture with an authentic specimen. 

With excess of alcoholic alkali at 100° the product was again the compound (IIIc). 

1:1: 2-Trichloro-1-(4-chlovophenyl)ethane (Ic).—The ketone (IV; R = CH,Cl) (5-0 g.) and phos- 
phorus pentachloride (6-25; 1-1 mols.) were heated in an oil-bath at 130—140° for 1 hour, then allowed 
to cool and treated with water (20 c.c.). The product, isolated with ether and washed with sodium 
hydrogen carbonate solution, was obtained as a colourless liquid (4-8 g.), b. p. 87—-90°/0-3 mm. , np” 
1-5949 (Found : Cl, 53-1, 53-0, 54-0. C,H,Cl, requires Cl, 58-2%). When excess of fuming nitric acid 
was added to a small amount cooled in ice, a strongly exothermic reaction took place momentarily. 
From various nitrations carried out in this way, two products have been isolated : (a) crystallises from 
ether-light petroleum (b. p. 40—60°) in rosettes of pale yellow prisms, m. p. 83—84°, undepressed by 
admixture with 4-chloro-3-nitrophenyl chloromethyl ketone mage 4 described, whilst (b) crystallises 
from ether-light petroleum (b. p. 40—60°) (1: 5) in colourless stout prisms, m. p. 92—93° (Found : 
C, 41-9; H, 2-1; N, 5-3; Cl, 31. 4. C,H,O,NCI, requires C, 41-4; H, 2:1; N, 6-0; Cl, 304%). This 
substance depressed the m. p. of product (a) and is being further investigated 

Confirmation of the structure of the liquid (Ic) obtained as described above was consequently sought 
by conversion into 1:1: 2: 2-tetrachloro-1-(4-chlorophenyl)ethane (16). Dehydrochlorination using 
2n-sodium hydroxide, followed by chlorination of the resulting ethylene in carbon tetrachloride solution 
at 0°, gave a colourless liquid, b. p. 140°/12 mm. Treatment with fuming nitric acid gave a nitro- 
derivative which crystallised from methyl alcohol in stout prisms, m. p. 106—107°, undepressed by 
admixture with the 1 : 1 : 2 : 2-tetrachloro-1-(4-chloro-3-nitrophenyl)ethane, previously described. 

4- -Chloroacetophenone (IV: R = Me}.—This was prepared in 80—90% yield by essentially the same 
method as that described by Gautier (Ann. Chim., 1888, 14, 373), except that the reaction mixture 
was refluxed for 5 hours before being poured on ice. The product, b. p. 125°/15 mm., which solidified 
on a was sufficiently pure for su uent work. 

wy a ek yt oan (V; R = Me).—Prepared in 90% yield by reduction of the above ketone 
using aluminium isopropoxide (as already described), this compound was obtained as a colourless liquid, 
b. p. 85—86°/0-5 mm., n}€° 1-5460 (Found : Cl, 22-3. C,H,OCI requires Cl, 22-7%) [cf. Gastaldi Gaz- 
zetia, 1915, 45, II, 272) and Hanai (J. Chem. Soc. Japan, 1944, 62, 1208)}. The acetate was a colourless 
liquid, b. p. 75—80°/18 mm., #% 1-5118 (Found: Cl, 17-4. CypH1103C1 requires Cl, 17-9%). Phenyl 
isocyanate only reacted in the presence of a trace of dimethylamine, giving the phenylurethane which 
crystallised from light petroleum (b. p. 80—100°) in large rhombic aggregates, m. p. 94—95° (Found : 
Cl, 13-0. Calc. for C,;H,,O,NCI: Cl, 12-9%). Gastaldi (Joc. cit.) gives m. p. 93° for the phenylurethane. 
The a-na: hthylurethane, prepared by heating with a-naphthyl isocyanate at 160° for 2 minutes, 
from light petroleum (b. p. 80—100°} as compact nodules, m. p. 102—103° (Found: Cl, 1 
' C\,H,,O,NCI requires Cl, 10-9%). 

1-Chlovo-1- -(4-chlorophenyl)ethane (IId).—This was obtained in 90% yield by treating the corresponding 
carbinol (V; R = Me) with the calculated amount of phosphorus pentachloride; it was a colourless 
— . p. 63—65°/0-4 mm., m} 1-5560 (Found : Cl, 40-4. Calc. for CgH,Cl,: Cl, 40-6%) (cf. Hanai, 
loc. cit.). 
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Treatment with fuming nitric acid gave 4-chloroacetophenone (oxime, m. p. 95—96°, undepressed 
by admixture with an authentic specimen). 

p-Chlorostyrene.—The chloroethane (IId) (5-6 g.) obtained as described above was stable to ethyl- 
alcoholic potassium hydroxide [1-2 g. (1 mol.) in 10 c.c.] at room temperature, but, by refluxing the 
solution for 0-5 hour, dehydrochlorination was effected. Removal of the alcohol and extraction with 
ether gave a colourless liquid (4-4 g.), b. p. 57—58°/0-3 mm., m 1-5363 (Found: Cl, 23-7. Calc. for 
C,H,Cl: Cl, 25-6%) (cf. Staudinger, Ber., 1920, 58, 1099). 


My thanks are due to Dr. H. Martin for his interest in the work, to Mr. A. Stringer, B.Sc., A.R.C.S., 
for the insecticidal testing, and to Mr. R. F. Batt for the chlorine analyses (Robertson’s method). 
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49. The Absorption Spectra of Organic Compounds containing Nitrogen. 
Part II. Benzylidene Derivatives of Hydantoin and Thiohydantoin. 


By R. E. Stuckey. 


The ultra-violet absorption spectra of derivatives of 5-benzylidenehydantoin and 2-thio-5- 
benzylidenehydantoin are given. Evidence from the spectra in acid and alkaline solution of 
various methylation products of these two compounds indicates the probability of varying 
types of tautomerism. Replacement of oxygen by sulphur in the 2-thio-series causes a general 
shift of the absorption to longer wave-lengths. Methylation of 2-thio-compounds confirmed the 
production of derivatives of the thiol form *N:C(SH)- in contrast to the 2-oxy-compounds 
which form N-methyl a The chromophoric grouping Ph:C:C-C:O is present in most 
of the compounds studied, and the characteristic bands reported by Wilds et al. (J. Amer. 
Chem. Soc., 1947, 69, 1985) are shown although the presence of the hydantoin ring containing 
the -NH-CO: group causes modification in the values for Amsx.. Any tautomerism in the hydan- 
toin ring produces spectrum changes which are secondary to the main spectrum of this chromo- 
phoric group and hence are more difficult to interpret. The spectra of the analogous open-chain 
compounds cinnamoylurea and acetylbenzylidenecreatinine, and of the ring compound 
2-imino-5-benzylidenethiazolid-4-one are reported. 


In Part I (J., 1947, 331) the ultra-violet absorption spectra of hydantoin derivatives were 
studied. A similar examination has now been made for 5-benzylidene- and 2-thio-5-benzylidene- 
hydantoin where several types of dissociation and enolisation are possible. The absorption 
spectra of af-unsaturated ketones conjugated with an aromatic nucleus have been studied by 
Wilds et al. (J. Amer. Chem. Soc., 1947, 69, 1985) who found that benzylideneacetone (I) and the 
ketone (II) had almost identical spectra, with a main maximum at 286—287 muy, the point of 
interest in connection with the present work being that ring formation in (II) did not materially 
affect the spectrum. The spectra of derivatives of 5-benzylidenehydantoin (III) agreed in 
general with the results of Wilds et al. (loc. cit.) although, as might be expected, considerable 
modifications were shown due to the influence of ring formation and of associated -*NH*CO- 


groups. 
is 


CY 
V \ 
(I.) (II.) 

Examination of the absorption spectra of the methylated derivatives of hydantoin has 
given evidence bearing on the type of enolisation occurring in alkaline solution. In the com- 
pounds studied, however, the conjugated system Ph°C:C-C:O with two main bands dominates 
the general spectrum, the changes due to enolisation being secondary and hence more difficult 
to interpret as will be seen from the results obtained. 

5-Benzylidenehydantoins exist in two stereoisomeric forms and it is to the commoner cis- 
series of compounds (according to Johnson and Bates, J. Amer. Chem. Soc., 1915, 37, 384) that 
the present work relates. The absorption spectrum of 5-benzylidenehydantoin in alcohol has 
been reported by Asahina (J. Chem. Soc. Japan, 1930, 5, 354, using a varying tube thickness 
method) and by Hahn and Evans (J. Amer. Chem. Soc., 1928, 50, 806), although graphical 
results only were given and the effects of acid and alkali were not studied. 5-Benzylidene- 
hydantoin (III) in alcoholic solution shows a peak absorption, A,,,, 320 my, not altered by the 
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addition of hydrochloric acid, but decreased and with a broadened band in solution in N/100- 
sodium ethoxide or in aqueous sodium hydroxide. 


It is difficult to decide whether this change 
of absorption is due solely to the formation of the ion or whether there is an accompanying 
enolisation. 


When prepared by an acid condensation process, 5-benzylidenehydantoin is slightly yellow, 
and repeated crystallisation from alcohol does not remove all colour, although when freshly 
precipitated by acid from aqueous alkali, the substance appears to be white. Alkaline con- 
densation in the presence of piperidine, however, produces a white or colourless form changing 
to yellow on heating in acetic acid. Hahn and Edicott (J. Amer. Chem. Soc., 1937, 59, 2740) 
suggested that the yellow and the white form might represent lactim and lactam forms of the 
hydantoin molecule. The present work did not produce evidence to support this contention 
as yellow 5-benzylidenehydantoin when allowed to crystallise spontaneously from alcohol 
produced yellow and white crystals in a manner suggesting that the yellow colour was due to a 
trace of impurity. Further, solutions prepared from white (alkaline condensation) and yellow 
(acid condensation) material showed identical spectra under the varying pH conditions studied. 


N H—C.CHPh 


-GcHPh /-ocHPh 
, 5\cZ 3cF7 

x | Oc | Me'S-C 

Me: O 


Me-N—CO Me: 
(IV.) (V.) (VI.) 
5-Benzylidene-3-methylhydantoin (IV) shows a spectrum in alcohol not vastly different 
from 5-benzylidenehydantoin. 


The addition of alkali, however, produces a shift in peak 
absorption to longer wave-lengths as well as a decrease in ¢,,,, although a similar absorption 


shift does not occur with the parent 5-benzylidenehydantoin under the same conditions; this 
may be due to ionic resonance including possible structures having a double link in the 1 : 2- and 
in the 2: 3-position, whereas with 5-benzylidene-3-methylhydantoin a double link is only possible 
in the 1: 2-position. For (IV) the most probable ionic structure (V) has the double bond in the 
1: 2-position by analogy with the corresponding 2-thio-5-benzylidene compound which readily 
forms a 2-mercapto-derivative (VI). It is noteworthy that 3-methylhydantoin shows no 
spectrum change with varying pH, the change in the corresponding 5-benzylidene compound 


being attributable to the presence of the doubly linked carbon in the 5-position (IV). 
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methylhydantoin. 
5-Benzylidene-1-methylhydantoin (VII) has a spectrum in alkaline solution differing con- 
siderably from those of 5-benzylidenehydantoin and its 3-methyl derivative. In this case 
electronic rearrangement in the ion may produce two structures (IX) and (X); resonance may 


afford an explanation of the spectrum differences, or this may be due to the predominance of 
structure (IX) containing the system Ph*C:C-C:N:. 
































B, 
in w/100- 
5-Benzylidene-1 : 3-di- 


This anomalous spectrum in alkaline 
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solution is also encountered in the case of the 2-thio-derivative (XII) in which there is a free 
hydrogen attached to nitrogen in the same relative position. 


Me-N—C:CHPh 
; *~ (IX.) 
a ‘CHPh S. 4 4 a =a =co- 
NH—Co » Oo ww _Me‘N—C:CHPh 
(VII.) (VIII.) ~*~ ss (X.) 


5-Benzylidene-1 : 3-dimethylhydantoin, as would be expected, shows no alteration of spectrum 
on change of pH. The value of ¢,,,, for the main absorption band is lower than the value for 
this band in the other compounds studied (note also the analogous 2-thio-compound). 

The values of Ayax, for the main band and for the subsidiary band (where realised) were 
lower in the case of the 5-benzylidene compounds than for the corresponding 5-anisylidene 
derivatives (Seikel, J. Amer. Soc., 1937, 59, 436). Thus in the present work 5-anisylidene- 
hydantoin in alcohol gave A,,, 335 mu, agreeing approximately with that given graphically by 
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5-Benzylidene-l-methylhydantoin in  w/100- B, 2-Thio-5-benzylidenehydantoin in n/100- 
alcoholic NaOEt. C, Acetylbenzylidenecreatinine alcoholic NaOEt. C, 2-Imino-5-benzyl- 
in alcohol. idenéthiazolid-4-one. 





Seikel (Joc. cit.). Thus the introduction of a p-methoxy-group into 5-benzylidenehydantoin is 
responsible for a shift of ca. 15 my towards the visible, in comparison with 32 my for the series 
of Wild et al. 

The effect of replacement of oxygen by sulphur is fairly well established in that the absorption 
is displaced towards the visible. In this case the main maximum is displaced by approximately 
50 my (see Table), and a number of subsidiary effects associated with the band of shorter wave- 
length become evident (Figs. 4, 5, and 6); an inflection, log e,,, ca. 3°9, Ama, ca. 300—310 my, 
is present in many of the spectra. Again in the 2-thio-series, as with the parent 5-benzylidene- 
hydantoins, absorption changes due to ionisation and enolisations and to the replacement of 
oxygen by sulphur are secondary effects. The main chromophoric grouping Ph*C:C’C:O again 
dominates the spectrum and, in fact, if the whole hydantoin ring system is substituted by an 


“T CT: 
(XI.) HN: Me's: (XII) 
~ re) 


isomeric 5-membered ring system the two main bands characterising the basic spectrum are 
still.present. This is well borne out by a comparison of the spectra of 2-thio-5-benzylidene- 
hydantoin with the 5-benzylidene derivative of 2-iminothiazolid-4-one (XI). 
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Absorption maxima and wave-lengths. 
Amax., Mp. 10 Emax.- 


5-Benzylidenehydantoin : 
In alcohol 
In n/100-alcoholic NaOEt ... 
5-Benzylidene-3-methyl- 
hydantoin : 
In alcohol 
In n/100-alcoholic NaOEt ... 


5-Benzylidene-1-methyl- 
_  hydantoin: 
In alcohol 


in n/100-alcoholic NaOEt ... 


5-Benzylidene-1 : 3-dimethyl- 
hydantoin : 
In alcohol and n/100-NaOEt 
i oylurea : 
In alcohol, n/100-NaOEt, and 
N-aqueous HCl 
Acetylbenzylidenecreatinine : 
In alcohol 
2-Thio-5-benzylidene- 
hydantoin : 
In alcohol 
240 
373 
245 


In n/100-alcoholic NaOEt ... 


2-Imino-5-benzylidene- 
thiazolid-4-one : 
In alcohol 


4-45 
4-38 


* 2-Thio-5-benzylidene-3- 
methylhydantoin : 
In alcohol and n/100-HC1l 


In n/100-NaOEt 


2-Methylthio-5-keto-4- 
benzylidene-1-methyl- 
dihydroglyoxaline : 
In alcohol, n/100-HCl and 
n/100-NaOEt 


2-Thio-5-benzylidene-1: 3- 
dimethylhydantoin : 
In alcohol, n/100-HCl and 
n/100-NaOEt 
2-Methylthio-5-keto-4- 
benzylidenedihydro- 
glyoxaline : 
In alcohol and n/100-HCl 


In n/100-NaOEt 


Amaz.; my. log Emax. 


* Reported graphically by Butcher e# al. (J. Amer. Chem. Soc., 1945, 67, 17386). 


Fic. 5. 
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A, 2-Thio-5-benzylidene-3-methylhydantoin in alcohol. B, 2-Thio- 
n/100-alcoholic NaOEt. C, 2-Methylthio-5-keto-4-benzylidene-1-methyldihydroglyoxaline. 


In the group of thio-compounds under investigation there is a greater opportunity for 


studying the electronic changes occurring owing to the fact that methylation produces mercapto- 
compounds, *N:C(SMe)*, whereas derivatives of the keto-form ‘NMe*CO» are produced by 


methylation of the parent benzylidenehydantoins. 


320. 360 400 440 


480 


idene-3-methylhydantoin in 


This is exemplified by the methylation of 


2-thio-5-benzylidenehydantoin which produces 2-methylthio-5-keto-4-benzylidenedihydro- 


glyoxaline (XII). 


es sig 
Me:N: Oo 


(XIIT.) 


-N “-CHPh 
H+ | 
Me: Oo 


(XIV.) 


i ae 


(XV.) 
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The spectra of 2-thio-5-benzylidene-3-methylhydantoin (XIII) are shown in Fig. 5 for acid 
and alkaline solution. In alkaline solution the main change occurs in the longer wave-length 
band, this being shifted 35 my towards the visible with a small decrease in ¢,,,,. This would 
suggest an enolisation in solution with the ion (XV) predominating in any ionic resonance. 
Comparison with the spectra of 2-methylthio-5-keto-4-benzylidene-1-methyldihydroglyoxaline 
(VI), which does not change with alteration in pH, shows that the spectrum of the methyl 
derivative of the thio-form differs from the spectrum of the thio-ion (XV). The values for 
Emax, for the two structures are identical, but the ionic structure has 2,,, 42 my nearer the 
visible (see Table). A subsidiary band becomes evident in the ion which is also present in the 
methylthio-derivative. 

The glyoxaline (XII) shows an anomalous spectrum in alkaline solution comparable with 
that of 5-benzylidene-l-methylhydantoin under the same conditions. In the case of the 
thio-compound a completely conjugated ring structure is present in addition to the grouping 
Ph:C:C-C:N* which is common to both. 2-Thio-5-benzylidenehydantoin and its 1 : 3-dimethyl 
derivative show spectra which are analogous to the parent oxy-compounds. One difference is 


that in 2-thio-5-benzylidenehydantoin the peak absorption shifts to longer attateaaa tas in 
alkaline solution, in addition to the small decrease in e,,4, . 


Fic. 6. 
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-1 : 3-dimethylhydantoin. B, 2-Methylthio-5-keto-4-benzylidenedihydroglyoxaline in 
C, 2-. Methylthio-5-keto-4-benzylidenedihydvoglyoxaline i in n/100-alcoholic NaOEt. 


Wilds e¢ al. (loc. cit.) found the peak wave-length for the group Ph*C:C*C:O to be 275—300 
my subject to certain variations, although most of the compounds studied in the present work 
showed peak absorption nearer the visible. This could be due either to the urea grouping or to 
the presence of the ring. To obtain information on these possibilities the analogous straight- 
chain compound, cinnamoylurea was made and its spectra examined (Fig. 1; see Table). It 
showed Aga at 288 my, in complete agreement with the values of Wilds et al. for benzoylacetone 
and indicating that the shift in benzylidenehydantoin was due, partly at least, to ring formation. 





A, 2-Thio-5-benz 
alcohol. 


EXPERIMENTAL. 
5-Benzylidenehydantoin was prepared by the oe condensation method of Boyd and Robson 
ey J.» 1935, 29, 542) and by acetic-acid condensation (Wheeler and Hoffman, Amer. Chem. J., 1911, 
45, 368). When allowed to crystallise spontaneously the first crystals on the side of a beaker were 


str ongly yellow, the colour decreasing in crystals subsequently produced until a colourless product was 
finally obtained. The pure compound from both sources had m. p. 221°, not changed on 


admixture. 
Condensation of hydantoic acid and benzaldehyde by the method of Wheeler and Hoffman (loc. cit.) in 
an attempt to form benzylidenehydantoic acid | ag pee a 25% yield of 5-benzylidenehydantoin ; 
similar condensations in the presence of piperidine after Boyd and Robson (loc. cit.) were also unsuccessful. 
5-Benzylidene-3-methylhydantoin, also by an acid condensation from 3-methylhydantoin 
and benzaldehyde, with Litzinger’s product (J. Amer. Chem. Soc., 1934, 56, 673) obtained by 
direct m tion. of 5-benzylidenehydantoin. 
5-Benzylidene-I : 3-dimethylhydantoin was made by a modification of the method of Hahn and 
Evans (J. Amer. Chem. Soc., 1928, 50, 806). 5-Benzylidenehydantoin (6 g.) was dissolved in methyl 
alcohol (60 c.c.) containing potassium hydroxide (4 g.), a little water a added if necessary; methyl 
iodide (15 g., excess) was added, and the mixture refluxed for 2 hours. The resulting solution, con- 
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taining mono- and di-methyl compounds together with some unchanged 5-benzylidenehydantoin, was 
evaporated to about half bulk and filtered. The filtrate was poured into excess of water, precipitating a 
yellow oily solid which was separated from the mother-liquor by decanting and crystallised several times 
from alcohol, producing white crystals, m. p. 88—89°. A Zeisel determination of methoxy-groups gave 
negative results, showing that the methyl groups were attached to nitrogen. 
5-Benzylidene-l-methylhydantoin was prepared by hydrolysis of N-acetyl-5-benzylidenecreatinine 
(5 g.) (cf. Nicolet and Campbell, J. Amer. Chem. Soc., 1928, 50, 1155) by boiling with barium hydroxide 
(40 g.) in water (150 c.c.). The ammonia evolved was collected in standard sulphuric acid and the 
distillation was — when one molecular proportion had been absorbed (about 4 hours). Glacial 
acetic acid was added to the residue in the flask until it was distinctly acid, and the product warmed and 
filtered off. The product was recrystallised from alcohol (twice), and then had m. p. 193°. 
Cinnamoylurea, prepared previously by Cavallito and Smith (J. Amer. Chem. Soc., 1941, 68, 996), 
from cinnamic acid, thionyl chloride, and urea, was obtained in the present work by refluxing cinnamoyl 
chloride (10 g.) and urea (7-5 g.) for 4 hours in benzene (25 c.c.). The benzene was evaporated, the 
residue washed with ether and hot water, and the product crystallised from absolute alcohol. 
Thio-compounds.—The method of Johnson and Nicolet (J. Amer. Chem. Soc., 1912, 34, 1048) was 
used for the preparation of (VI) and (XII). Condensation of 2-thio-3-methylhydantoin and benzalde- 
hyde in the presence of sodium acetate and glacial acetic acid (cf. Wheeler and Hoffman, loc. cit.) 
gave 2-thio-5-benzylidene-3-methylhydantoin. 2-Thio-5-benzylidene-1 : 3-dimethylhydantoin was prepared 
similarly by condensation of 2-thio-1] : 3-dimethylhydantoin and benzaldehyde. The compound, after 
being washed with alkali and acid and crystallised from alcohol, formed yellow crystals, m. p. 139° 
(Found: C, 61-7; H, 5-1. C,,H,,ON,S requires C, 62-0; H, 5-2%). 
Absorption Spectra.—Determinations were made using a Hilger medium quartz spectrograph and 
Spekker photometer (cf. Part I, loc. cit.). 
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50. Studies on Indene Derivatives. Part IV. Synthesis of Bis-1 : 3- 
diketoindanylidene, and Experiments with “‘ Ninhydrin” (Triketo- 
indane Hydrate). 


By ALEXANDER SCHONBERG and RADWAN MOUBASHER. 


Bis-1 : 3-diketoindanylidene (II) has been prepared and its properties compared with those of 
indigo. Bisindane-1 : 3-dione (bis-1 : 3-diketoindany]) (III) can be prepared from “ ninhydrin” 
(triketoindane hydrate) (IV) by the action of hydrogen sulphide. Hydrindantin is shown to 
be, not (VI) as hitherto supposed, but (VII). 


Bis-1 : 3-DIKETOINDANYLIDENE (II) had not hitherto been synthesised, earlier claims to that 
effect (Kaufmann, Ber., 1897, 30, 382) having been found to be erroneous (Gabriel and Leupold, 
Ber., 1898, 31, 1159). We obtained (II) by treating 2: 2-dichloro-1 : 3-diketoindane (I) in 
xylene with copper bronze; it is red and is oxidised at 200° by atmospheric oxygen in the 
presence of selenium to phthalic anhydride. 

The reduction products of (II) may be divided into two groups depending on whether they 
are derivatives of indane or of naphthacene. For instance, when (II) in amy] alcohol is treated 
with hydrogen sulphide at about 100°, bisindane-1 : 3-dione (III) is formed. On the other 
hand, the action of sodium hydrosulphite (dithionite) on (II) yields 6: 11-dihydroxynaphthacene- 
5 : 12-quinone (V), and when (II) in acetic acid is treated with zinc powder (Va) is obtained. 
We believe that when derivatives of naphthacene are obtained, reduction proceeds via 
bisindane-1 : 3-dione (III), for we have found that (a) (V) is obtained when (III) is treated with 
sodium hydrosulphite, and (b) (Va) is produced when (III) in acetic acid is treated with zinc 
acetate. It is already known that (III) may be converted into (V), inter alia, by the action of 
pyridine (Wanag, Ber., 1937, 70, 276). 

Bis-1 : 3-diketoindanylidene (II) degrades a-amino-acids in aqueous medium; e.g., 
benzaldehyde is obtained from phenylglycine. This reaction is in agreement with the proposed 
constitution, as only substances containing the group O%C-[C°C],°C:O (where m may be zero) 
bring about the Strecker degradation [Schénberg, Moubasher, and Mostafa (Mrs. A. Said), /., 
1948, 176]. 

Comparison between Bis-1 : 3-diketoindanylidene (II) and Indigo.—The ketone (II), which 
may be named carbonylindigo (compare the term thioindigo), has many properties in common 
with indigo; both are coloured and difficultly soluble in organic solvents, and both may be 
sublimed in a vacuum and can bring about the Strecker degradation of a-amino-acids; on the 
other hand, the reduction product of indigo (indigo-white) is colourless and can easily be 
oxidised to indigo, whereas the corresponding reduction product of (II), i.e., (III), is deep violet 
and has not yet been oxidised to (II). 
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New Synthesis of Bisindane-1 : 3-dione (III).*—This substance has not been readily accessible, 
but it has now been found that it may be obtained in excellent yield from ninhydrin (IV) by 
the prolonged action of hydrogen sulphide. As an intermediate, hydrindantin is formed; 
according to Ruhemann (J., 1911, 99, 797) this is (VI), but the pinacolic formula (VII) is more 
probable as the formation of (ITI) is then easily explicable : 


H,S H,S 

2>c=0 —> ~~ —_ <— (lm) 
(cf. IVa) éu On ean 

Moreover, (VII) is in agreement with the fact that hydrindantin is obtained when triketoindane 

(IVa) in isopropyl alcohol is exposed to sunlight, and the product is crystallised from a medium 

containing water (cf. Sch6nberg and Moubasher, /J., 1944, 366); it is well known that pinacols 


may be obtained from ketones under these conditions (Schénberg and Mustafa, Chem. Reviews, 
1947, 40, 181). 


x OH co 


ane “ 2(1) ——> cK Se: catty = —>C HK >a ®... WH, <— 2(1V) 


(II.) (III.) 


CHK HO-GK Ca + 2H,0 CHK Sa So 


H H 
(VI.) (VIL.) 


Further evidence for the correctness of (VII) for hydrindantin may be found in the fact that 
it is formed when triketoindane (IVa) is treated with the Gomberg-Bachmann reagent 
(magnesium iodide in ether in the presence of metallic magnesium), followed by the action of an 
acid. It is known that aromatic ketones, e.g., benzophenone, yield pinacols under these 
conditions (Gomberg and Bachmann, J. Amer. Chem. Soc., 1927, 49, 236). 

Gabriel and Leupold (loc. cit.), by the oxidation of (III) by alkaline hydrogen peroxide, 
obtained a deep yellow compound which they regarded as the anhydrous form of (VII), viz., 
(VIII). This cannot be correct because the yellow substance is soluble in sodium hydrogen 
carbonate solution at room temperature with evolution of carbon dioxide; in a forthcoming 
publication it will be shown that the yellow compound is o-(1: $-diketo-2-indanylelyoxyloyl} 
benzoic acid (IX). 


H 
(VIII.) CHK. YK og at | CHS 
H H ' coca,” owe (IX.) 


EXPERIMENTAL. 


2 : 2-Dichloro-1 : 3-diketoindane (1).—Ninhydrin (IV) (1 g.) was dissolved at room temperature in 
phosphorus oxychloride, and phosphorus pentachloride (25 g. 7 added. The solution was heated on the 
water-bath (calcium chloride safety tube) for } hour, cooled, poured into ice-water, and left for an hour. 
The deposit was filtered off, washed with cold water, dried, and washed with light petroleum, and the 
residue, 2 : 2-dichloro-1 : 3-diketoindane (I) was crystallised from ethyl alcohol; it had the properties 
described by Zincke and Gerland (Ber., 1888, 21, 2379). 

Bis-1 : 3-diketoindanylidene (II). —The foregoing diketone (2 g.) in dry benzene (100 c.c.) was refluxed 
(calcium chloride safety tube) for 6 hours in the presence of copper-bronze (5 g.). The solution was 
filtered while hot, and on concentration, red crystals formed which were ised from toluene and 
then sublimed in vacuum (1-2 g.), m. P. .269—271° (not cons (Found: C, 75:1; H, 3-1. C,,H,O, 
requires C, 75-0; H, 28%). The tetra forms red difficultly soluble in the usual organic 
solvents, and giving a pink colour with cansnabtahad. al sulphuric acid; it does not condense with 
o-phenylenediamine, and is insoluble in concentrated or dilute alkali at room temperature or on warming. 

Oxidation. The tetraketone (0-2 g.) was mixed with red precipitated selenium (0-5 g.) and heated in 
a test-tube in a stream of oxygen at 200° (bath temp.) ; colourless crystals were formed on the cold parts 
ofthetube. These were identified as phthalic anh dride (m. p. and mixed m. p. and Pre te 

Formation of Bisindane-1 : 3-dione (III).—(a) From bis-1: I  diketoindany vylidene (II). The tetraketone 
(0-5 g.), partly dissolved and partly suspended in amy] alcohol (50 c.c.), was cheated on the water-bath for 


* This experiment was carried out by Mohamed Zaki Barakat. 
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6 hours, during which a stream of dry hydrogen sulphide was passed through the mixture; after 
standing at room temperature (48 hours) the crystals formed were filtered off and proved to be (III) by 
m. p. and mixed m. p. and properties; yield ca. 90%. 

(b) From ninhydrin. Ninhydrin (0-5 g.) in alcohol (90%; 150 c.c.) was refluxed for 3 hours, during 
which a stream of dry hydrogen sulphide was passed through the mixture; subsequent treatment as 
above afforded (III) in ca. 90% yield. 

(c) From hydrindantin (VII). The procedure was as described under (b) ; yield ca. 90%. 

6 : 11-Diacetoxynaphthacene-5 : 12-quinone (Va).—(a) From the tetvaketone (II). To (II) (0-5 g.) in 
boiling acetic acid (25 c.c.), zinc dust (2 g.} was added in portions, and the product heated under reflux 
for 3 hours; the hot solution was then filtered and concentrated. To the cold filtrate water (100 c.c.) 
was added. After 2 hours the orange-yellow deposit was filtered off and recrystallised from acetic acid. 
It did not give a characteristic reaction with concentrated sulphuric acid, was insoluble in cold aqueous 
alkali, and was proved to be (Va) by m. p. and mixed m. p. (Gabriehand Leupold, Ber., 1898, 31, 1281). 

(b) From (V). The dihydroxynaphthacenequinone (0-2 g.} im acetic acid (25 c.c.) containing zinc 
acetate (corresponding to 1-0 g. of zinc) was heated on the water-bath for 3 hours and then treated as 
above. The product proved to be the diacetoxy-compound. 

(c) From (III). The compound (III) (0-2 g.) in acetic acid (25 c.c.) containing zinc acetate as above 
was heated, and the reaction product isolated as described ; it proved to be the diacetoxy-compound (Va). 

Action of Bis-1 : 3-diketoindanylidene (II) on Phenylglycine.—The tetraketone (0-2 g.) was added to 
phenylglycine (0-5 g.) in a mixture of glycerol (50 c.c.) and water (25 c.c.), and the mixture refluxed for 
20 minutes at 150° (bath temp.). The product was distilled in an atmosphere of carbon dioxide, and the 
distillate (20 c.c.} treated with an alcoholic solution of phenylhydrazine; a crystalline colourless 
substance was obtained, which proved to be the benzaldehyde phenylhydrazone (m. p. and mixed m. p.) ; 

ield 0-3 g. ; 
” Action of Sodium Hydrosulphite (Dithionite).—(a) On bis-1 : 3-diketoindanylidene (11). Sodium 
hydroxide (10 g.) was dissolved in water (50 c.c.), and after addition of (II) (0-2 g.), sodium hydrasulphite 
(20 g.) wasadded. The mixture was heated on the water-bath for 10 minutes, kept at room temperature 
for 24 hours, and then poured into cold 18N-sulphuric acid. Red crystals were formed which, by m. p., 
mixed m. p., and properties, were shown to be the quinone (V). 

(b) Ow bisindane-1 : 3-dione (III). This reaction was similarly carried out, and the same product was 
obtained (identified as above). 

Action of Gomberg and Bachmann’s Reagent on Triketoindane (IVa).—To powdered magnesium (4 g.) 
in a mixture of dry ether (50 c.c.) and dry benzene (thiophen-free) (50 c.c.), iodine was added until its 
colour persisted. Then dry magnesium powder (4 g.) and triketoindane (freshly prepared, 1 g.) were 
added, and the mixture shaken at room temperature for 4 hour. The product was added in portions to 
ice-cold dilute hydrochloric acid and Ieft overnight in an open vessel; the deposit was filtered off and 
recrystallised from alcohol; colourless crystals (0-6 g.) were obtained which were proved by m. p., mixed 
m. p., and properties to be hydrindantin (VII). 


Fovap I Unrversity, Facutty oF ScrENcE, Cairo, Ecypt. [Received, April 15th, 1948.] 





51. The Application of the Method of Molecular Rotation Differences to 
Steroids. Part VII. . Olefinie Unsaturation at the 8(9)-Position. 


By D. H. R. Barton and J. D. Cox. 


Under suitable conditions the catalytic hydrogenation of dehydro-a-ergostenyl acetate 
affords a mixture of ergost-8(14)-en-3(8)-yl acetate and ergost-8(9)-en-3(B)-yl acetate. The 
molecular rotation differences between the latter and its derivatives and between zymostenyl 
acetate and its corresponding derivatives are identical, thus indicating an identical position for 
the ethylenic linkage. This has been confirmed by catalytic hydrogenation of isodehydro- 
cholesteryl acetate which, contrary to previous views, furnishes a mixture of cholest-7(8)-en- 
3(8)-yl acetate and cholest-8(9)-en-3(f)-yl acetate, the latter having properties in agreement 
with those recorded for zymostenyl acetate. Zymosterol and related yeast-fat sterols must, 
therefore, possess an 8(9)-ethylenic linkage instead of ome at 8(14) or 9(11) as previously 
suggested by other workers. 


In Part II of this series (J., 1946, 512) the formula (I; R = C,H, R’ = H) was assigned to 
dehydro-a-ergostenol in agreement with the views of previous workers. It would be expected 
from analogy with the ease of catalytic hydrogenation of 8-ergostenol (II; R = C,H,,, R’ = H), 
that dehydro-«-ergostenol would be similarly reduced to the hitherto unknown ergost-8(9)-en- 
3(8)-ol (III; R= C,H,,, R’ = H). However this is not the case and dehydro-a-ergostenyl 
acetate was recovered unchanged after being subjected to a variety of mild reduction procedures 
which are normally applicable to conjugated dienes (cf. Bernstein and Dorfman, J. Amer. Chem. 
Soc., 1946, 68, 1663). It was finally discovered that high-pressure hydrogenation of dehydro-a- 
ergostenyl acetate at 100° in alcoholic solution using Raney nickel as catalyst gave a mixture of 
a-ergosteny] acetate (IV; R = C,H,,, R’ = Ac) and the required ergost-8(9)-en-3(8)-yi acetate 
(III; R= C,H,,, R’ = Ac). We are of the opinion that in this reaction both 1:2- and 
1: 4-addition of hydrogen occurs rather than that the a-ergostenyl acetate is formed by 
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rearrangement of (III; R = C,H,,, R’ = Ac). This view is supported by the fact that roughly 
the same ratio of the two products was obtained whether the hydrogenation was carried out for 


LSP SE 


(III.) 


three hours or overnight. Nevertheless, as would be expected, ergost-8(9)-en-3(f)-yl acetate 
was quantitatively rearranged to a-ergostenyl acetate on shaking with a platinum catalyst in 
ether—acetic acid solution in the presence of hydrogen. 


TaBLe I. 
[M]p, 

Substance. Alcohol. Acetate. Benzoate. A,. 
Ergost-7(8)-en-3(8)-ol — 8° — 18° + 10° —i0° 
Ergost-8(14)-en-3(f)-ol + 44 + 4 + 0 —40 
Ergost +156 +110 +171 —46 
Zymoste +193 +146 +201 —47 

1. Part IV; J., 1948, 783. 2. Exptl. 3. Part I, J., 1945, 813. 





TABLE IL 
[M]p, 


Substance. Unsaturated. Saturated. 
+156° 
+193 
Ergost-8(9)-en-3(8)-yl acetate +110 
Zymostenyl acetate +146 
Ergost-8(9)-en-3(8)-yl benzoate +171 
Zymostenyl benzoate +201 


4. Part V, J., 1948, 1354. 5. Part III, J., 1946, 1116. 





The molecular rotation differences for ergost-8(9)-en-3(8)-ol on acylation and especially 
with respect to ergostan-3(f)-ol are highly characteristic and quite different from those recorded 
for comparable isomeric ergostenols (see Tables I and II). It was especially interesting, 
however, that these A values were identical, within the limits of experimental error, with those 
recorded in the literature for zymostenol, the dihydro-derivative of zymosterol (see Tables 
Iand II). Zymosterol, itself, has been the subject of a number of investigations particularly 
that of Heath-Brown, Heilbron, and Jones (jJ., 1940, 1482). The latter workers proved the 
identity of the saturated zymostanol with cholestan-3(8)-ol and also the position of the side 
chain ethylenic linkage at 24(25). They finally concluded that zymosterol was cholesta- 
8(14) : 24(25)-dien-3(8)-ol (IV; R= C,H,,, R’ =H). Later Wieland, Rath, and Benend 
(Annalen, 1941, 548, 19) found that on catalytic hydrogenation in neutral solution zymosteryl 
benzoate afforded the monoethenoid zymosteny] benzoate, the hydrolysis product of which was 
not identical with any known cholestenol. Since, in particular, zymostenol was not identical 
with either the $-cholestenol of Windaus, Linsert, and Eckhardt (ibid., 1938, 584, 22) to which 
the formula (III; R = C,H,,, R’ = H) had been given, or with a-cholestenol (IV; R = C,Hj,, 
R’ = H), it was assigned the formula (V; R = C,H,,, R’ =H). This latter formula was 
thought to explain the formation of «-cholestenol from zymosterol on hydrogenation in acidic 
solution. 

It will be recalled that 8-cholestenol [acetate, m. p. 107—108°, [a]p + 14° (in chloroform)] 
was first obtained by Windaus, Linsert, and Eckhardt (/oc. cit.) by the sodium-isopropy] alcohol 
reduction of isodehydrocholesterol (VI; R = C,H,,, R’ =H). At the same time a smaller 
quantity of e-cholestenol [acetate, m. p. 118°, [«]p +21° (in chloroform), more readily eluted 
from alumina than the acetate of the 3-isomer] was said to be formed. The homogeneity of 
$-cholestenol received apparent confirmation from the experiments of Wieland and Benend 
(Annalen, 1943, 554, 1) who claimed that catalytic hydrogenation of isodehydrocholesteryl 
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acetate (VI; R = C,H,,, R’ = Ac) in neutral solution afforded, in almost quantitative yield, 
pure 8-cholestenyl acetate. In Part I of this series (J., 1945, 813) it was pointed out that 


(IX.) 


8-cholestenol possessed an anomalous positive A, value and that this anomaly needed 
confirmation. Through the courtesy of Professor Windaus (Géttingen), to whom we wish to 
express our deep appreciation, we have been enabled to undertake a further investigation of the 
catalytic hydrogenation of isodehydrocholesterol derivatives. Contrary to the views of Wieland 
and Benend we had no difficulty in showing, by the chromatographic method, that the product 
of catalytic hydrogenation of isodehydrocholesteryl acetate is not homogeneous. From the 
more difficultly eluted fractions it was possible to isolate, as the benzoate, y-cholestenol (VII; 
R = C,H,,, R’ = H), whilst from the more easily eluted fractions an acetate was obtained 
with properties in satisfactory agreement with those recorded for zymostenyl acetate and to 
which we give the formula (III; R=C,H,,, R’ = Ac). Catalytic hydrogenation of 
isodehydrocholesteryl acetate proceeds, therefore, by both 1: 2 and 1: 4 addition of hydrogen as 
in the case of dehydro-«-ergostenyl acetate (see above). 

Catalytic hydrogenation of isodehydrocholesteryl benzoate in neutral solution led, as with 
the acetate, to the rapid uptake of only one molecular proportion of hydrogen. The product, 
on crystallisation, appeared to be homogeneous and corresponded in properties to a molecular 
complex of equal parts of y-cholestenyl benzoate (VII; R = C,H,,, R’ = Bz) and cholest-8(9)- 
en-3(8)-yl benzoate (III; R = C,H,,, R’ = Bz). 

These experiments lead us to conclude that zymosterol is cholesta-8(9) : 24(25)-dien-3(8)-ol 
(III; R = C,H,,, R’ = H) and that ascosterol and faecosterol, whose nuclear double bonds we 
have previously demonstrated to occupy the same position as that in zymosterol (see Part I, 
J., 1945, 813), have analogous formule. They also provide final confirmation of the absence of 
8(9)-unsaturation in «-dihydroergosterol and «-spinasterol (see Part V; ibid., 1948, 1354). 

In support of the formula (V; R = C,H,,, R’ = H) for zymostenol, Wieland and Benend 
(Ber., 1942, 75, 1708) treated the benzoate with osmium tetroxide and, after hydrolysis of the 
product, isolated a cholestanetriol which they regarded as (VIII; R= C,H,,, R’=H). In 
agreement with this formula a diacetate was prepared under mild conditions and the triol 
itself was split by lead tetra-acetate to a substance formulated as the keto-aldehyde (IX; 
R = C,H,,, R’ =H). No proof was offered for the presence of the aldehyde group in the 
latter compound,and it is now to be formulated as the diketone (X; R= C,H:, R’ = H). 
The formation of a diacetate from the cholestanetriol does not, pawaver, receive a convincing 
explanation on the basis of our experiments.* 

Added. July 9th. It should be pointed out that steroids which are known to have an 
olefinic linkage at the 9(11)-position, like androst-9(11)-en-3(8)-ol (Shoppee, Helv. Chim. Acta, 
1940, 23, 740; Reich and Lardon, ibid., 1947, 30, 329; Shoppee, J., 1946, 1134; Helv. Chim. 
Acta, 1947, 30, 766), androst-9(11)-en-3(«)-ol (Mason and Kepler, J. Biol. Chem., 1945, 161, 235) 
and a number of 9(11)-unsaturated bile acids (cf. Seebeck and Reichstein, Helv. Chim. Acta, 
1943, 26, 536; Reich and Reichstein, ibid., p. 562; Lardon and Reichstein, ibid., 1945, 28, 
1420) are all readily hydrogenated in acetic acid solution using a platinum catalyst. This is in 


* Professor L. F. Fieser (Harvard) has drawn our attention to the fact that the calculated res for 
Wieland and Benend’s supposed diacetate should be: C, 73-76; H, 10-39; and not as stated by them 
(see also Fieser and Fieser, ‘‘ Natural Products Related to Phenanthrene,” 3rd edit.). 
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marked contrast to substances like zymosterol and other yeast fat sterols which really have 
8(9)-olefinic linkages (see earlier). 


EXPERIMENTAL. 


(M. p.s are uncorrected.) 


The substances whose rotations are listed below were dried in a vacuum, before weighing, at 20° 
below their m. p.s, or at 120°, whichever was the lower temperature. All rotations are for the Nap line 
and in chloroform solution. They were taken in 1 dm. macro- or micro-tubes, the use of the latter being 
specifically indicated after each recorded measurement. 

Standard chemical operations were carried out as in Part IV (/J., 1948, 783) unless specified to the 
contrary. 

Siar cashyos are by Drs. Weiler and Strauss, Oxford. 


Dehydro-a-ergostenyl Acetate——The method <a using selenium dioxide (see Part IV; 
loc. cit.) is not very convenient for obtaining material to use in hydrogenation experiments because of the 
repeated chromatography needed for removal of the last traces of selenium. The following procedure, 
using performic acid, furnishes a higher yield and, at the same time, overcomes this difficulty. 

8-6 G. of a-ergostenyl acetate were dissolved in 50 ml. of chloroform and mixed with 10 ml. of 
30% hydrogen peroxide and 10 ml. of anhydrous formic acid. The mixture (two phases) was left to 
stand at room temperature for 7 days. The chloroform layer was separated, washed free of acid, and the 
chloroform removed under reduced pressure. The product was taken up in 50 ml. of absolute alcohol 
containing a few drops of concentrated sulphuric acid and refluxed on the water-bath for 30 minutes. 
The acid was neutralised, water and ether added, and the ethereal layer separated. After removal of 
the ether the residue was acetylated in the usual way to give, after several recrystallisations from 
chloroform—methanol, 1-7 g. (20% of theory) of dehydro-a-ergostenyl acetate, m. p. 135°. 

Comparative Experiments on the Hydrogenation of B-Evgostenol.—B-Ergostenol on hydrogenation 
either in dry ether or in acetic acid—ether using a platinum oxide catalyst gave, in almost quantitative 
yield, pure ergostanol, m. p. 141-5°, [a]p +15° (c, 1-82). The product from the neutral hydrogenation 
showed no colour with the Liebermann—Burchard reagent ; that from the acid hydrogenation gave a very 
faint colour. Our previous experience with mixtures of a-ergostenol and ergostanol indicates that only 
traces of the former can have been present in these hydrogenation products. 

Attempted Reduction of Dehydro-a-ergostenyl Acetate.—Dehydro-a-ergostenyl acetate was recovered 
unchanged after attempted hydrogenation in both ethereal and ethyl acetate solutions using a platinum 
catalyst and one atmosphere hydrogen pressure. Dehydro-a-ergostenol was recovered unchanged after 
attempted reduction of the acetate with dissolving sodium in boiling ethyl, isopropyl, and n-butyl 
alcohols. 

High-pressure Hydrogenation. of Dehydro-a-ergostenyl Acetate——Dehydro-a-ergostenyl acetate was 
recovered unchanged after stirring in anhydrous ether solution with platinum oxide catalyst at room 
temperature and 100 atm. hydrogen pressure. Reduction was effected, however, when a solution of 
1-4 g. of dehydro-a-ergostenyl acetate in 60 ml. of absolute ethyl alcohol, was stirred overnight with 
3 g. of freshly prepared Raney nickel at 100° and 100 atmospheres hydrogen pressure. Catalyst and 
solvent were removed to give a product, which had, when crystallised from ethyl acetate—methanol, 
m. p. 149—152°, [a]p +20° (c, 3-07). On recrystallisation to constant m. p. and rotation ergost-8(9)-en- 
3(B)-yl acetate, m. p. 157—158-5°, [a]p +24° (c, 2-18), +25° (c, 2-16; micro-tube), [M]p +110°, was 
obtained (Found: C, 81-1; H, 11-1. C39H,,O, requires C, 81-4; H, 11-3%). There was no absorption 
in the ultra-violet. Alkaline hydrolysis of this acetate furnished ergost-8(9)-en-3(8)-ol, rec lised 
from chloroform—methanol; m. p. 153—155°, [a]p +39° (c, 2-75; micro-tube), +39° (c, 2-16; micro-tube), 
[M]p +156° (Found : C, 80-2; H, 11-8. C,,H,,0,H,O requiresC, 80-4; H,12-0%). Thealcohol readily 
furnished a digitonide. By treatment with benzoyl chloride in pyridine solution at room temperature 
this alcohol afforded ergost-8(9)-en-3(8)-yl benzoate, recrystallised from chloroform-ethanol; m. p. 
147—148°, [a]p +34° (c, 1-70; micro-tube) (Found: C, 82-8; H, 10-2. C,,;H;,0, requires C, 83-3; 
H, 10-3%). On treatment of 50 mg. of ergost-8(9)-en-3(8)-yl benzoate in chloroform with a slight 
excess of perbenzoic acid solution in the same solvent and leaving to stand for 4 days at 0°, 1-06 molecular 
proportions of perbenzoic acid were consumed. 

he mother liquors from the crystallisation of ergost-8(9)-en-3(8)-yl acetate were evaporated under 
reduced pressure and the residue hydrolysed and benzoylated. The resulting benzoate was crystallised 
from ethyl acetate-ethanol to give the following fractions (in order of increasing solubility) :—(i) Large 
lates, m. p. 129—132°, [a]p +18° (c, 1-78). (ii) A mixture of plates and needles, m. p. ca, 120° unsharply. 
iii) Rosettes of needles, m. p. 116°, unchanged on several recrystallisations from ethyl acetate—-methanol, 
[a]p +0° (c, 2-15). This substance was identified as a-ergostenyl benzoate and gave no depression in 
m. p. with an authentic specimen, m. p. 116°, [a]p +0° (see Part IV; loc. cit.). 

Reactions of the 8(9) Double Bond.—Ergost-8(9)-en-3(8)-ol and its derivatives gave the same colours as 
ergost-8(14)-en-3(8)-ol and ergost-7(8)-en-3(8)-ol and their derivatives in the Tortelli-Jaffé and the 
Lie -Burchard reaction. There was a marked contrast in behaviour, however, with osmium 
tetroxide in anhydrous ether solution. Both zymosteryl acetate (for a specimen of which we are much 
indebted to Professor E. R. H. Jones) and ergost-8(9)-en-3(8)-ol gave heavy precipitates a few minutes 
after mixing. Ergost-14(15)-en-3(8)-ol behaved similarly, but ergost-8(14)-en-3(8)-ol and ergost-7(8)-en- 
3(B)-ol only afforded ipitates after standing for several days. 

Rearrangement of Ergost-8(9)-en-3(B)-yl Acetate to a-Ergostenyl Acetate.—35 Mg. of ergost-8(9)-en- 
3(B)-yl acetate, dissolved in 20 ml. of 1:1 ether-acetic acid solution, were shaken with 50 mg. of 
ee catalyst in an atmosphere of hydrogen for 10 hours. After recrystallisation of the product 
rom ethyl acetate-methanol 25 mg. of pure a-ergostenyl acetate, m. p. 108-5°, [a]p +1° (c, 1-00; 
micro-tube), undepressed in m. p. on admixture with an authentic specimen, were isolated. 

isoDehydrocholesteryl p-Nitrobenzoate-—As supplied by Professor A. Windaus this substance had 
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m. p. 162° (decomp.) [aly —3-5° (c, 8-51). Recrystallised twice from chloroform-ethy] acetate gave m. p. 
165° (decomp.), [a]p —3° (c, 7°18). ‘ ; ; 

isoDehydrocholesterol.—Prepared by alkaline hydrolysis of the p-nitrobenzoate, isodehydrocholesterol, 
recrystallised from ethyl acetate—-methanol, had m. p. 115—116°, [a]p —10° (c, 2-24). 

isoDehydrocholesteryl Acetate—This compound was obtained by refluxing isodehydrocholesterol with 
acetic anhydride. Recrystallised from chloroform—methanol it had m. p. 109° (to a cloudy melt, 
clearing at 117—118°), [a]p —5° (c, 3-13), —6° (c, 1-58). 

isoDehydrocholesteryl Benzoate-—This substance, recrystallised from ethyl acetate-methanol, had 
m. p. 143—144°, [a]p —3° (c, 3-85). 

All these derivatives of isodehydrocholesterol melt somewhat lower than found by Windaus, Linsert, 
and Eckhardt (Annalen, 1938, 584, 22) and also have rotations which are more positive. The German 
authors noted that isodehydrocholesterol was liable to contamination with an unsaturated substance 
having Amex. at 240 mp and possessing a weakly positive rotation. This substance cannot be responsible, 
however, for the small discrepancy between our results and the previous observations because our purified 
isodehydrocholesteryl acetate had, in alcoholic solution, Apa: at 271 and 278 mp, both with e = 3800, and 
gave no indication of a maximum at 240 mp. : 

Hydrogenation of isoDehydrocholesteryl Acetate.—2-0 G. of isodehydrocholesteryl acetate dissolved 
in 80 ml. of ethyl acetate were hydrogenated using 250 mg. of platinum oxide catalyst. After } hour 
the hydrogen absorption ceased, at which time the theory for one double bond had been taken up. After 
removal of the catalyst by filtration and the solvent by evaporation under reduced pressure the residue 
had m. p. 105°, unchanged by recrystallisation from ethyl acetate, [a]p +21° (c, 2-79). 

This product was chromatographed over Birlec alumina and gave the following chromatogram, each 
fraction of which corresponds to 80 ml. of eluate unless specified to the contrary. 


M. p. after recrystn. from 
Fraction. Eluent. ethyl acetate—methanol. 
1 500 M1. light petroleum (40—60°) Trace of oil 
2 95 : 5 Light petroleum : benzene ca. 110° 
3 ca. 110 
4 105—108 
5 104—106 
6 103—105 
7 99—101 
8 104—105 
9 105—106 
10 105—106 
1l 106—107 
12 106—107 
13 Chloroform 107—108 
14 250 Mi. 90 : 10 chloroform : methanol Negligible 


On repeated crystallisation from ethyl acetate-methanol the m. p. of fraction 2 finally rose to 
125—126°, [a]p +35° (c, 1-08; micro-tube). For zymostenyl acetate Wieland, Rath, and Benend 
(Annalen, 1941, §48, 19) give m. p. 128—129°, [a]p +32°. Alkaline hydrolysis of this acetate gave an 
alcohol, recrystallised from methanol; m. p. 129°, [a]p +50° (c, 0-14; micro-tube); this on benzoyl- 
ation gave a benzoate, recrystallised from methanol; m. p. 139—140°. For zymostenol and —— 
benzoate _— Rath, and Benend (loc. cit.) give m. p. 128—129°, [a]p +50° and m. p. 140—1 
respectively. 

Srastions 3 to 7 were combined, added to the solids from the mother liquors from crystallisation of all 
the chromatogram fractions and the whole recrystallised from ethyl acetate—-methanol; m. p. 105—106°, 
[alp +22° (c, 2-70). Further chromatography gave about eleven fractions the first three of which were 
combined and recrystallised from ethyl acetate-methanol; m. p. 109—111°, [a]p +27° (c,'1-81; 
micro-tube). Similar rechromatography of this material afforded, in the same way, three top fractions 
which, when combined, had m. p. 117—119°, [a]p +27° (c, 2-59; micro-tube). Clearly it was not 

ible to obtain a further quantity of cholest-8(9)-en-3(8)-yl acetate by this method, which is an 
indication that a further component besides cholest-7(8)-en-3(8)-yl acetate (presumably cholest-8(14)-en- 
3(8)-yl acetate) was probably present. 

Fraction 13 of the first chromatogram, which had m. p. 107—108° (see above) and [alp +8° 
(c, 3°10), confirmed that the less dextrorotatory component was concentrated in the more di 
eluted fractions. Fractions 8 to 13 were combined and recrystallised from ethyl acetate-methanol 
m. p. 106—107°, [a]p +15° (c, 2-46). On alkaline hydrolysis an alcohol mixture, m. p. 120—121° 
[a]p +18° (c, 2-11), was obtained after crystallisation from ethyl acetate-methanol. These rotations 
co nd toa A, value of —5° from which it must be concluded that some concentration of cholest-7(8)- 
en-3(8)-ol occurs on crystallisation. The alcohol mixture, m. p. 120—121°, was benzoylated in the usual 
way and the benzoate recrystallised many times from ethyl acetate. The m. p. finally became constant 
at 155—156°, [a]p +9° (c, 0°74; micro-tube). For cholest-7(8)-en-3(8)-yl benzoate, Schenck, . 
and Wiese (Ber., 1936, 69, 2696) record m. p. 157—158°, {aly +7°. The specimen of cholest-7(8)-en- 
3(f)-yl benzoate thus prepared was hydrolysed in the usual way to give cholest-7(8)-en-3(f)-ol, m. p. 
122—123°, from which the acetate, m. p. 117—-118°, was prepared. For cholest-7(8)-en-3(8)-ol and its 
acetate Schenck, Buchholz, and Wiese (/oc. cit.) give m. p.s 122—123° and 118—119° respectively. 

A hydrogenation comparable to that recorded above, using chloroform as solvent, similarly led to the 
rapid absorption of one molecular proportion of hydrogen. After working up, the product had m. p. 
92—93°, [a]p +12° (c, 1-01), and on hydrolysis gave an alcohol mixture, m. p. 115—116°, [a]p +21° 
(c, 1-61). In this experiment partial rearrangement to cholest-8(14)-en-3(8)-yl acetate must have occurred 
as is shown by the low m. p. and rotation. 


, 
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Hydrogenation of isoDehydrocholesteryl Benzoate-——1-60 G. of isodehydrocholesteryl benzoate 
dissolved in 100 ml. of ethyl acetate were hydrogenated using 200 mg. of platinum oxide catalyst. 
After 4 hour the hydrogen absorption ceased, at which time the theory for one double bond had been 
taken up. After working up in the usual way an apparently homogeneous product, m. p. 142—143°, 
[alp +23° (c, 4:43), +23° (c, 2-21), was obtaimed whose constants were not changed on repeated 

isation. It was probably a 1:1 molecular complex of cholest-7(8)-en-3(8)-yl benzoate and 
cholest-8(9)-en-3(B)-yl benzoate for which the calculated rotation is +24°, and accordingly was not 
investigated further. 


This work was carried out during the tenure of an I.C.I. Fellowship by one of us (D. H. R. B.). We 
also thank the D.S.1.R. for a Maintenance Grant (J. D.C.). We are indebted to the Chemical Society for 
a grant which defrayed the cost of the ergosterol used in these experiments. 
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Lonpon, S.W.7. [Received, April 28th, 1948.] 





52. The Application of the Method of Molecular Rotation Differences 
to Steroids. Part VIII. 22(23)-Dihydroergosterol D. 


By D. H. R. Barton and J. D. Cox. 


On dehydrogenation with mercuric acetate, y-ergostenyl acetate furnishes ergosta- 
7(8) : 9(11)-dien-3(B)-yl acetate. The molecular rotation differences of the latter are identical 
with those for the corresponding derivatives of ergosterol D and confirm its identity as 
22(23)-dihydroergosterol D. The hydrogenation of dehydroergosteryl acetate in neutral 
solution is briefly reported and discussed. 


In Part II of this series (J., 1946, 512) the formula (I; R = C,H,,, R’ = H) was suggested for 
ergosterol D which, it will be recalled, is prepared by the mercuric acetate dehydrogenation 
of a-dihydroergosterol (II; R= C,H,,, R’=H). A similar dehydrogenation of ergosterol 
(III; R = C,H,,, R’ = H) affords the well characterised dehydroergosterol (IV; R = C,H,,, 
R’ =H). By analogy it would be expected that the mercuric acetate dehydrogenation of 
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(I.) (II.) (III.) (IV.) 


y-ergostenol (II; R= C,H,,, R’ =H) would furnish ergosta-7(8) : 9(11)-dien-3(8)-ol (I; 
R = C,H,,, R’ = H), and this expectation has now been confirmed. In support of the 
formulated identical position for the conjugated diene system in both ergosterol D and ergosta- 
7(8) : 9(11)-dien-3(8)-ol we cite the data in Table I, which show that both these alcohols exhibit 
the same A values on acylation. Furthermore the acetates of these two alcohols show identical 
absorption spectra in the ultra-violet (see Table II). It is fully justified therefore to describe 
ergosta-7(8) : 9(11)-dien-3(8)-ol as 22(23)-dihydroergosterol D. 


TaBLe I. 
[M]p,* 
Substance. Alcohol. Acetate. Benzoate. Ay. A. 
Ergosta- ~~ (PP +128° +165° +5° +42° 
+ 71 + 79 +105 +8 +34 
* In chloroform. 








Substance. 
na rile 9(11)-dien-3(8)-y!I acetate 
Ergosteryl D acetate 
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As further evidence in favour of the formula (I; R = C,H,,, R’ = H) for ergosterol D we 
had planned to make a systematic study of the catalytic hydrogenation of dehydroergosteryl 
acetate in neutral solution when, from analogy with the behaviour of ergostery]l acetate, it would 
be expected that selective hydrogenation at the 5(6)-position would occur leading to the 
formation of ergosteryl D acetate. In the conclusions to be drawn from such experiments we 
were anticipated by Bergmann and Klacsmann (J. Org. Chem., 1948, 18, 21), who have studied 
the hydrogenation of dehydroergosterol with sodium and alcohol and demonstrated that the 
reduction product, originally called ‘‘ ergosterol F ’’ (Windaus et al., Annalen, 1930, 477, 268), is 
actually a mixture of ergosterol, ergosterol D, and a-dihydroergosterol. Such a mixture must be 
formed by initial 1: 2-addition of hydrogen to either end of the conjugated trienoid system. 
The hydrogenation of dehydroergosterol in neutral solution using a platinum catalyst, until 
slightly over one molecular proportion of hydrogen had been absorbed, furnished a mixture 
which, by its absorption spectrum, contained 42% of ergosterol D and 8% of unchanged 
dehydroergosterol. The rotation corresponded closely to that required by such a mixture with 
a-dihydroergosterol as the constituent transparent in the ultra-violet. The presence of 
a-dihydroergosterol was confirmed by conversion of the alcohol mixture into the acetate and 
recrystallisation whereby a-dihydroergosteryl acetate was readily isolated. Since our results in 
the catalytic hydrogenation experiments were in such close agreement with the conclusions of 
Bergmann and Klacsmann (loc. cit.) it has not been considered desirable to extend the 
experiments. 

EXPERIMENTAL. 


(M. p.s are uncorrected.) 


The substances whose rotations are listed below were dried in a vacuum, before weighing, at 20° 
below their m. p.s, or at 120°, whichever was the lower temperature. All rotations are for the Nap line 
and in chloroform solution. They were taken in 1 dm. macro- or micro-tubes, the use of the latter being 
specifically indicated after each recorded measurement. 

Standard chemical operations were carried out as in Part IV (J., 1948, 783), unless specified to the 
contrary. 

Micro-analyses are by Drs. Weiler and Strauss, Oxford. 


Ergosta-7(8) : 9(11)-dien-3(B)-ol and Derivatives.—720 Mg. of ergost-7(8)-en-3(8)-yl acetate (Part IV, 
loc. cit.) were dissolved in 25 ml. of alcohol. 1-50 G. of mercuric acetate (145% theory) dissolved in 
25 ml. of alcohol acidified with a few drops of acetic acid were added and the mixture refluxed for one 
hour on the water-bath. The solvent was removed under reduced pressure, the residue extracted with 
benzene, and the extract filtered through alumina. From the filtrate there was obtained ergosta- 
7(8) : 9(11)-dien-3(B)-yl acetate, m. p. 151—152° after crystallisation from chloroform—methanol, 
[a]p +29° (c, 1-69; micro-tube) [M]p +128° (Found: C, 80-7, 81-3; H, 10-9, 10-4. C,9H,,O, requires 
C, 81-8; H, 109%). For the absorption spectrum see Table II. Alkaline hydrolysis of this acetate 
afforded ergosta-7(8) : 9(11)-dien-3(B)-ol, recrystallised from ethyl acetate-methanol; m. p. 139-5—140-5°, 
{a]p +31° (c, 1-14; micro-tube), [M]p +123° (Found: C, 81-0, 80-8; H, 12-2, 11-6. C,,H,,O requires 
C, 84-4; H, 11-6. C,,H,,0O,H,O requires C, 80-8; H, 11-5%). Benzoylation furnished ergosta- 
7(8) : 9(11)-dien-3(8)-yl benzoate, recrystallised from chloroform—methanol; m. p. 151—152°, [a]p +33° 
(c, 1-12; micro-tube), [M]p +165° (Found: C, 82-7; H, 10-0. C3;H,9O, requires C, 83-6; H, 10-0%). 

Hydrogenation of Evgosta-7(8) : 9(11)-dien-3(B)-yl Acetate—20 Mg. of ergosta-7(8) : 9(11)-dien- 
3(B)-yl acetate were dissolved in 20 ml. of 1 : 1 ether-acetic acid and shaken with 100 mg. of platinum 
catalyst in an atmosphere of hydrogen for 6 hours. 15 Mg. of a-ergostenyl acetate, m. p. 108—109°, 
mixed m. p. with an authentic specimen (m. p. 108—109°) also 108—109°, were obtained. 

Ergosterol D and Derivatives.—1-40 G. of pure a-dihydroergosteryl acetate (Part V) were treated in 
acetic acid-acidified alcoholic solution with 2-5 g. of mercuric acetate as described above. After 
working up as for ergosta-7(8) : 9(11)-dien-3(f)-yl acetate and recrystallisation from ethyl acetate— 
methanol, ergosteryl D acetate, m. p. 169°, [a]p +18° (c, 2-03; micro-tube), [M]p +79°, was isolated. 
Alkaline hydrolysis afforded ergosterol D, recrystallised from ethyl acetate-methanol; m. p. 163°, 
[a]p +18° (c, 1-38; micro-tube), [M]p +71°. Benzoylation of ergosterol D gave ergosteryl D benzoate, 
recrystallised from ethyl acetate; m. p. 174—176°, [a]p +21° (c, 2-43; micro-tube), [M]p +105° (Found : 
C, 83-3; H, 9-8. C,;H,,O, requires C, 84-0; H, 9-6%). 

Dehydroergosterol.—This substance, prepared from ergosterol by the method of Windaus and Linsert 
(Annalen, 1928, 465, 148), was recrystallised from ethyl acetate-methanol ; m. p. 142—144°, [a]p +150° 
(c, 1-80). Acetylation afforded dehydroergosteryl acetate, purified by chromatography and 
recrystallisation from chloroform—methanol; m. p. 145—146°, [a]p +195° (c, 2-85). 

Hydrogenation of Dehydroergosterol in Neutral Solution.—960 Mg. of dehydroergosterol, dissolved in 
60 ml. of ethyl acetate, were shaken with 100 mg. of reduced platinum catalyst in an atmosphere of 
hydrogen until 72 ml. of hydrogen had been absorbed (theory for 1 double bond was 60 ml.). After 
removal of the catalyst by filtration and the solvent under reduced pressure, two recrystallisations of the 
residue from ethyl acetate-methanol gave a substance, m. p. 159—161°, [a]p +12° (c, 2-10). These 
constants approximate to those recorded above for ergosterol D, but the absorption spectrum (in alcohol) 
showed that 42% of ergosterol D and 8% of unchanged dehydroergosterol were present. Ergosterol 
(cf. Bergmann and Klacsmann, J. Org. Chem., 1948, 18, 21) was not present. The other component in 
the mixture was doubtless a-dihydroergosterol, since [a]p calculated for such a mixture would be +10°, 
in agreement with the observed value. This suggestion was confirmed by conversion of the mixture into 
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the acetates and repeated recrystallisation from ethyl acetate-methanol, when a-dihydroergosteryl 
acetate, m. p. 180°, was isolated. 


We thank Dr. E. A. Braude for the absorption spectra. This work was carried out during the tenure 
of an I.C.I. Fellowship by one of us (D. H. R. B.). We are also indebted to the D.S.I.R. for a 
Maintenance Grant (J. D. C.), and to the Chemical Society for a grant which defrayed the cost of the 
ergosterol used. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, April 28th, 1948.] 





53. Synthetic Antimalarials. Part XXXIV. Physicochemical 
Studies on the Diguanides. 


By J. C. Gace. 


The ultra-violet absorption spectra of a number of arylalkyldiguanides have been measured 
at a range of pH values, and the pK values calculated therefrom. Simpler molecules, including 
the aryl guanidines and the amidines which may be regarded as fragments of the diguanides, have 
been similarly studied. An attempt has been made to determine the structure of the substituted 
diguanide ions which show anti ial activity, but it has not been found possible to determine 
which of three possible configurations is the most a No correlation has been observed 
between the measured physical properties and biological ac 


tivity. 


THE correlation of the biological activity of chemotherapeutic agents with their molecular 
structure usually demands more information concerning the structure than is revealed by 
analytical and synthetic procedures; such factors as the spatial orientation of the molecule, 
the distribution of electronic charge, and the possibility of interaction between constituent 
groups may be of considerable importance in determining whether a compound has or has not 
useful pharmacological activity. Physicochemical methods can be devised to increase our 
knowledge of such factors, but the selection of suitable methods is limited by the consideration 
that it is reasonable to investigate the compounds in approximately the same environment in 
which they exist in the body fluids; that is to say, in dilute aqueous solution at about pH 7°4 
and in the presence of electrolytes. For this reason infra-red spectroscopy and X-ray diffraction 
analysis may be of only limited value. A variety of experimental methods have been surveyed 
in the course of this investigation, and ultra-violet absorption spectra have so far been found to 
be of most value, since they not only provide direct information concerning structure, but 
also enable electrolytic dissociation constants to be calculated from which further information 
may be derived. 

This communication deals with the structure of the substituted diguanides, and is the first 
of a series devoted to the physicochemical examination of antimalarial compounds. It is 
hoped that a more detailed knowledge of the structure of biologically active and inactive members 
of the various chemical types, and of the possible structural analogies which may exist between 
the types, may lead to an ability to recognise those pharmacodynamic groups which are 
responsible for antimalarial activity. The diguanides are one of the simplest chemical types 
containing members with a high specific antimalarial activity ; a considerable number have been 
prepared (Curd and Rose, J., 1946, 729) in an investigation which led to the highly active 
compound N1-p-chlorophenyl-N5-isopropyldiguanide (IX; R = Cl) (‘‘ Paludrine ”’). 

Discussion.—The pK values of the diguanide series listed in Tables I and IV indicate that all 
are di-acid bases, and at physiological pH values will exist almost entirely as the singly charged 
cation. It is, therefore, with the structure of this ion that this communication is mainly 
concerned. Diguanide itself is a very strong base, and the approximate pK, value recorded in 
Table I must be taken with some reserve. The pK, value, which differs by about one unit 
from that obtained by Sugino and Ogawa (Rev. Phys. Chem. Japan, 1939, 18, 58) by electrometric 
methods, is lower than might be expected from formula (I) for the singly charged ion; since 
even if one-third of the ionic charge were carried by the central nitrogen atom the inductive effect 
of this charge would hardly be sufficient to depress the ionisation of the second amidine group 


TABLE I. 
B. BH*. BH,*+. 


pk,. . Retes mp. €max.- ’ Mies my. €max.- ‘ Amax., Mp. 
CH,°C(;NH)-NH 12-1 224 4000 <220 a a 
NH,°C(‘NH)-NH:C(:NH)-NH, 12-8 231 9500 232 12,500 <220 
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TABLE II. 
B. 


A 








Compound. . Amax., ye. Geen> 
p-C,H,Cl-NH, ° 239; 290 8,500; 1,700 <220 
sH,Cl-NHMe . 245; 295 10,750; 1,500 <225 
p-C, ‘Hy ‘Cl‘NH- C(-NH)-CH; . 236 8,100 228 
?-C4H,Cl‘NH-C(: NH)-NH, . 243 9,000 234 
p-C,H,Cl- NMe-C(NH)-NH, . 247 6,150 224 
p-C,H,Cl-NH’C(:NH)-NHMe*... . 245 9,200 236 
* Compound supplied by Dr. A. F. Crowther; details of preparation to be published later in this 
series. 
Taste III. 
p-C,H,R-NH,. _—=éB. 
Rees muy. €max.:- 


230; 279 ,900; 1,420 





—_ . 


7 
239; 290 8,500; 1,700 
240; 295 1 
245; 285 1 


0,400; 1,000 
5,000; 1,400 


TABLE IV. 
NRR,‘CCNR,)‘NH-C(-NR,)-NHRy. B. BH*t 


A 








4 R,. . Rj. R,. pk. pk. A » My. €max.- wee: my. €max.- ) My. €max.- 
C,H,Cl... H H H* 104 2-2 239 13,080 (239); ; [13,500]; ; 
14,800 8,600 

CH, ... H 1-5 1-9 236 12,700 345 —-18;300 eam 
[5,500] 


C,H,Ct... 10-4 23 240 14,470 233; 14,000; 
253 


14,750 [8,850] 
C,H,Br... 11-4 2-2 14,400 <230; —-; : a? 
256 15,100 10,000 
Cis ... 11-0 22 248 15,800 ca. 237; 14,800; 2 mang 
260° 16,200 ca. 10,150 
C,H,Cl... 12-8 24 243 13,500 243 15,600 _ 
C,H,Cl... 11-8 2-3 237; 13,000; 236 18,700 annie 
[260] [10,650] 
C,H,Cl... 122 20 240 13,600 <220; 


251 13,800 

* Curd and Rose, /., 1946, 729. 

+ Curd, Hendry, Kenny, Murray, and Rose, J., 1948, 1630. 

t Crowther, Curd, Richardson, and Rose, /., 1948, 1636. 

|| Birtwell, Curd, Hendry, and Rose, J., 1948, 1645. 
to such an extent (Branch and Calvin, “ Theory of Organic Chemistry ”, New York, 1941, 
Chap. VI). The pK, value of the analogous compound malondiamidine has been shown by 
potentiometric titration to be 9°0. It is possible that the singly charged cations of both these 
compounds are stabilised by hydrogen bond resonance (IIa,b; R = NH or CH,); if so the pK, 
of malondiamidine suggests that the resonance energy is not of high order. With the diguanide 
ion there is the possibility of further resonance forms (IIIa, 5); it is not possible to determine 
whether the resonance energy associated with these forms is sufficient to account for the low 
pK, of diguanide. The diguanide ion has a further possible structure (IV); here the four 
terminal NH, groups are approximately equal; the cationic charge will be distributed among 
them and the ion will be stabilised by a high resonance energy. 


a HN—-H--NH Hy-H-H 


\ 
(IIb.} 


t 
+ 


Rina 


N+ 


NH, ‘ NH, 
NH, —NH, 


(IIIb.} 
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When a /chlorophenyl group is introduced into the diguanide molecule the basicity is 
lowered by more than 2 pK units. The further addition of an isopropyl group to give ([X; 
R = Cl) is not attended by a rise in pK,, but there is a marked rise in pK, following 
the introduction of a second alkyl group. These observations admit an explanation similar to 
that suggested by Pauling (‘‘ The Nature of the Chemical Bond ”’, Ithaca, New York, 2nd edit., 
1944, p. 213) for the influence of substituents on the basicity of guanidine, provided that it is 
assumed that an alkyl group is an electron donor and not, as Pauling assumes, an electron- 
accepting group. The introduction of an alkyl group into the p-chlorophenyldiguanide ion may 


Fic. 1. Fic. 3. 
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lower the resonance energy Pgs lepeeniiten the energy difference between the resonance forms, 
and the attendant decrease in pK value may offset the rise to be expected from the inductive 
effect of the alkyl group. Further methylation may reduce this energy difference and so restore 
some of the resonance energy; the increase in pK value due to the alkyl group would 
here be reinforced by the resonance-energy contribution. The evidence derived from a 
consideration of dissociation constants is not sufficient to determine the structure of diguanide 
and its derivatives, and a search for further evidence has been made from the study of the 
ultra-violet absorption spectra. Since it is not possible to connect the position of the absorption 
maxima of these compounds with their molecular structure by a priori calculation, it is necessary 
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to consider the spectra of simpler molecules which may be regarded as component parts of the 
arylalkyldiguanides and whose structure is open to little doubt. 

The absorption spectra of a series of p-chloroaniline derivatives are shown in Fig. 2. 
The wave-lengths of maximum absorption (Apa), the molecular extinctions (€,,,), and the 
calculated dissociation constants are listed in Table II. The sharp maximum of ~-chloroaniline 
base is shifted to a longer wave-length by N-methylation, the effect to be expected from an 
electropositive substituent in this position. The increased contribution of the dipolar resonance 
form to the base is sufficient to depress the pK value in spite of the base-strengthening effect of 
the methyl group. The introduction of an amidino-group to give p-chlorophenylguanidine has 
an effect on the Aya similar to that of a methyl group. . This suggests that p-chlorophenyl- 
guanidine has the structure (V) rather than (VI), since in (VI) the increase in the resonance 
path might be expected to be associated with a shift of the maximum to a longer wave-length ; 
moreover the Amax. is not affected by N}!-methylation of the p-chlorophenylguanidine. It 
follows also that the dipolar resonance of the amidino-group in (V) does not involve the aniline 
nitrogen atom, since the acquisition of a partial positive charge by this nitrogen atom would 
tend to decrease the tendency of electrons to migrate to the ring, and it is reasonable to suppose 
that this would decrease A,,,, and €,,,. The basicity of this compound is lower than that of 
acetamidine, owing presumably to the electronegative effect of the aryl group. The d,,,, of 
the p-chlorophenylguanidine ion is considerably higher than that of the p-chloroaniline ion; 
this leads to the conclusion that in the former little of the cationic charge is being carried by the 
aniline nitrogen. An N!-methyl group markedly decreases the 4,,,, of the ion and produces 
a large rise in pK value, suggesting that a greater part of the cationic charge is now carried on 
the aniline nitrogen atom. On the other hand, N*-methylation slightly increases the 1,,,, of 
the ion and slightly decreases the pK value in spite of its inductive effect; it therefore tends to 
decrease further the symmetry of charge distribution. In N-p-chlorophenylacetamidine (VII) 
the dipolar amidine resonance (VIII) does involve the aniline nitrogen atom since the Ay, iS 
appreciably shorter than that of ~-chloroaniline. In this compound also the form (VII) is more 
likely than the isomeric anilstructure. The aryl group interferes with the amidine ion resonance, 
and the basicity is considerably less than that of acetamidine. 


a7 


OXF DOK DOK QA 
vu NH, Nn? i sa NH 


CH, 


(V.) (VI.) (VII.) (VIII.) 


Table III lists the absorption maxima and pK values of a series of halogenated anilines ; 
the absorption spectra are given in Fig. 3. The pK values decrease, and the 2,,,, increase, 
in the order H, Cl, Br, I, which is the order of Hammett’s o values (‘‘ Physical Organic 
Chemistry ”, New York, Ist edit., 1940, p. 188). From the spectra of substituted diguanides 
shown in Fig. 4 and their constants listed in Table IV it will be seen that ‘‘ Paludrine ’”’ and 
its analogues of the type (IX; R = H, Cl, Br, I) show, as bases, an absorption maximum at 
approximately the same position as that of the corresponding p-substituted anilines, suggesting 
that the absorption is due to the aniline portion of the molecule, the remainder having relatively 
little influence. 

As the Anax, of the substituted diguanide singly charged ions are greater than those of the 
corresponding diguanide and aniline bases, it is probable that the absorption in the ion is not 
solely due to the anilino-group since the acquisition of a whole or partial positive charge by the 
aniline nitrogen Shortens the A,,,. Structure (X) shows the anilino-group connected by a 
double bond to the rest of the molecule; here, however, the proton does not appear to be involved 
in the resonance, and there seems to be no reason why a similar absorption spectrum should not 
be given by the base. If it is assumed that the -NH- group linking the aryl group to the rest 
of the molecule does not act as a complete resonance block, and ‘there is evidence from the 


er. OAR 
‘ NH NHPri ‘ x? ie a 
(IX.) (X.) 


light-absorption of dyes to support this, then alternative formule (XI) and (XII) are possible. 
In these structures is possible a distribution of the cationic charge similar to that in formule 
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(II), (III), and (IV). In none of these, however, is there any obvious reason why the addition 
of a proton to the base should be accompanied by a longer Ay, Since the resonance forms of 
the ion can be paralleled by those deriving from the polarisation of imino-groups in the base; 
the spectra of the acetamidine ion and base show that dipolar resonance need not be associated 
with a shorter 2,,, than positive charge resonance. 

Methylation of (IX; R = Cl) in the N and N? positions suppresses the maximum at 253 my, 
but methylation in the N¢ position does not. With structure (X), N1-methylation will involve a 
molecular rearrangement which may well change the absorption spectrum, but this effect is 
hardly to be expected with N?-methylation. There is no obvious explanation of the effect of 
N-methylation on the basis of structures (XI) and (XII). 


RZ \ HN---H—NH 
| Il 
AAW 
NH NH 


(XI.) 


NHR’ 


Measurements of the spectrum of (IX; R = Cl) at pH 7°0 over a concentration range from 
10 to 5 x 10-* molar have revealed no significant change of spectrum with concentration. It 
is unlikely, therefore, that the characteristic spectrum of the ion is due to molecular association. 


Fic. 4. 
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It has been shown that p-chlorophenyldiguanide has no antimalarial activity ; with increasing 
length of the alkyl chain at the N® position the activity rises to a maximum with the isopropyl 
group (‘‘ Paludrine ”’) and then falls (Curd and Rose, loc. cit.). No significant difference in 
absorption spectra or pK value has been noted between -chlorophenyldiguanide and its 
isopropyl homologue; these measurements cannot therefore provide an hypothesis to account 
for the difference in activity. The substitution of a second alkyl group into the latter produces 
a decrease in antimalarial activity, but, until the attendant changes in absorption spectra and 
pX values can be interpreted in terms of molecular structure, no explanation of this dystherapeutic 
effect is apparent. 


EXPERIMENTAL. 


The ultra-violet absorption spectra were measured on a Beckman Quartz Spectrophotometer. 
Solutions of suitable concentrations were prepared to give maximum densities between 0-5 and 1-5 when 
measured in a 1 cm. quartz cell. Control of hydrogen-ion concentration was obtained by suitable 
concentrations of hydrochloric acid or sodium hydroxide, or by addition of buffer solution to bring the 
concentration of buffer to 0-025m. The following buffer solutions were found to give transparent solutions 
over the range of wave-lengths of importance in this investigation; above pH 8-5, borate; pH 6-0—8-5, 
phosphate; pH 2-0—3-5, chloride. The range pH 3-5—6-0 was not of great importance; where measure- 
ments were required in this range, phosphate buffer with careful addition of hydrochloric acid was used. 

When the spectra of the un-ionised and ionised forms of the molecule are known, and are sufficiently 
widely separated, the dissociation constants can readily be calculated from the spectra of mixtures of the 
two components at known pH values, provided that in compounds with more than one dissociation 
constant the pK values are sufficiently far apart, that is, separated by more than about 4 pK units. All 
the compounds examined here are in this class. The term pK value in this series of papers is applied 
to the negative logarithm of the constant of the equilibrium BH*+=B+ Ht. The first and second 
dissociation constants represent the tendency of the base to accept one or two protons respectively. The 
pK value is given by the expression 


&-— 
g¢= @& 


pK = pH + logy 


where e, and ¢, represent the extinction coefficients of the base and mono-salt, or the mono- and di-salt, all 
measured at the same wave-length. The precision of the method depends on the magnitude of the 
difference between e, and «; if the addition of a proton produces only a small change in the spectrum 
then the method may involve a large error. This error can be minimised by replacing the optical-density 
values in the above equation by the difference in density of the spectrum at two wave-lengths selected 
such that the change in this difference, in passing from one form to the other, is a maximum. The 
figures quoted in the tables are calculated from at least two curves at different pH values; in no case 
does the variation exceed more than 0-3 pK unit. 

Hydrogen-ion concentrations were measured with the glass electrode with a Cambridge valve 
potentiometer. For pH values above 10-0 the “ Alki” glass electrode was used. The experiments 
were performed at room temperature which varied between 20° and 25°. 

Some guide to the selection of suitable pH values for the solutions can be obtained by potentiometric 
titration. The aryldiguanides have only very slight solubility in water; 0-01mM-solutions have been 
prepared in 2% aqueous acetone and titrated with 0-01N-hydrochloric acid. Reliable values of pK 
outside the limits 4 and 10 cannot be obtained by titration at this concentration, since the 
half-neutralisation point has to be corrected by a factor due to the hydrogen- and hydroxyl-ion concen- 
trations; this factor increases rapidly as these limits are exceeded and accuracy diminishes. The 
experimental results are given in Tables I—IV and Figs. 1—4; in these the formule used are those 
conventionally ascribed to the bases of the compounds examined. 

The following compounds were synthesised for the investigation; acknowledgments are made to 
Mr. S. Birtwell for the first compound. 

-Chlorophenylacetamidine.—This was prepared by the method of Hullin, Miller, and Short (J., 1947, 
394), p-Chloroaniline (12-9 g.) was dissolved in dry ether (30 c.c.), and the solution filtered and added 
slowly to a solution of ethylmagnesium iodide (55 c.c.) (Braude and Stern, J., 1946, 404). The mixture 
was refluxed for 15 minutes, cooled, slowly treated with methyl cyanide (6 c.c.) in ether (20 c.c.), refluxed 
for 30 minutes, and left overnight. Ice (75 g.) and concentrated hydrochloric acid (25 c.c.) were added ; 
the aqueous layer was separated and basified, and then filtered. The chloroform extract of the solid 
and liquid fractions was dried (Na,SO,) and evaporated to dryness. The crystals of p-chlorophenyl- 
acetamidine obtained were recrystallised twice from cyclohexanone; m. p. 116—117° (Found: C, 57-2; 
H, 5:0; N, 16-7. C,H,N,Cl requires C, 57-0; H, 5-35; N, 16-2%). 

N-p-Chlorophenyl-N-methylguanidine Hydrochloride.—N-Methyl-p-chloroaniline (3 g.), cyanamide 
(0-9 g.), and ethanol (1 c.c.) were heated under reflux for 10 hours. The product was recrystallised from 
ethanol; m. p. 227° (Found: Cl’, 16-9. C,H, N;Cl,HCl requires Cl’, 16-15%). 


IMPERIAL CHEMICAL INDUSTRIES LTD., 
RESEARCH LABORATORIES, BLACKLEY, MANCHESTER, 9. (Received, March 4th, 1948.] 
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54. Synthetic Antimalarials. Part XXXV. Further Arylamino- 
dialkylaminoalkylaminoquinoline Derivatives. 
By G. M. Bennett, P. C. Crorrs, and D. H. Hey. 


The synthesis of a number of arylamino-dialkylaminoalkylaminoquinolines having the 
arylamino- and peor ag nee pea pete attached to different rings in the quinoline 
nucleus has been attempted. Several such compounds have been prepared, but none has been 
found to possess significant antimalarial activity. 


THE synthesis of quinoline drivatives of types (I) and (II) (R = dialkylaminoalkyl), in which 
the two substituents are attached to the pyridine ring of the quinoline nucleus, has been described 
by Curd, Raison, and Rose (Part XVII, J., 1947, 899), and it has been shown that, of these, 
the compounds of type (I) are the more active as antimalarials and, further, that their activity 
is most probably due not to their representation as modified 4-dialkylaminoalkylaminoquinolines, 
but rather to their biological relationship to the pyrimidines of type (III). The preparation of 
similarly substituted quinolines, in which the two groups are attached to different rings, forms 
the subject of the present communication. 


NHR nH¢v Sci NHR 


0\/~ CV“. = Vian 
OOO = OD Cre" 
(I.) (II.) (III.) 


For the synthesis of compounds having the arylamino-group in the pyridine ring, the five 
chloronitroquinolines (IV, V, VI, VII, and VIII) were used as intermediates. Nitration of 
2-hydroxyquinoline (IX) followed by reaction of the product, 6-nitro-2-hydroxyquinoline (X), 
with phosphorus pentachloride gave 2-chloro-6-nitroquinoline (IV). 2-Chloro-5-nitroquinoline 
(V) and 2-chloro-8-nitroquinoline (VI) were prepared by nitration of 2-chloroquinoline (XI) 
and partially separated by recrystallisation from benzene. It was found best not to attempt to 
purify these compounds completely, but to use them in their crude condition in the subsequent 
reaction with -chloroaniline, since the resulting nitro-p-chloroanilinoquinolines are easily 
purified by crystallisation. 4-Chloro-6-nitroquinoline (VII) and 4-chloro-8-nitro-6-methoxy- 
quinoline (VIII) were prepared from p-nitroaniline and 2-nitro-4-methoxyaniline respectively 
by condensation with ethyl ethoxymethylenemalonate to give ethyl -nitroanilinomethy]- 
enemalonate and ethyl 2-nitro-4-methoxyanilinomethylenemalonate, which were cyclised in 
boiling diphenyl ether to ethyl 6-nitro-4-hydroxyquinoline-3-carboxylate and ethyl 8-nitro-4- 
hydroxy-6-methoxyquinoline-3-carboxylate respectively (Riegel et al., J. Amer. Chem. Soc., 
1946, 68, 1264, 1267). These esters were hydrolysed to the corresponding acids and 
decarboxylated by pyrolysis of the silver salts in boiling dipheny] ether to give 6-nitro-4-hydroxy- 
quinoline and 8-nitro-4-hydroxy-6-methoxyquinoline, which were converted into the chloro- 
compounds (VII) and (VIII) by phosphorus oxychloride. The five chloronitroquinolines (IV, 
V, VI, VII, and VIII) were each heated with p-chloroaniline, either without a solvent or in 
xylene solution, the reactions varying considerably in the ease with which they took place. The 
resulting products, namely 6-, 5-, and 8-nitro-2-p-chloroanilinoquinoline, 6-nitro-4-p-chloroanilino- 
quinoline, and 8-nitro-4-p-chloroanilino-6-methoxyquinoline, were reduced with stannous chloride 
and hydrochloric acid to the corresponding amino-p-chloroantlinoquinolines. 
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The diethylaminoethyl group was introduced into 5-amino-2-p-chloroanilinoquinoline and 
8-amino-2-p-chloroanilinoquinoline by heating them with diethylaminoethy] chloride in xylene 
to give 2-p-chloroanilino-5-B-diethylaminoethylaminoquinoline (XII, R = CH,°CH,°NEt,) and 
2-p-chloroanilino-8-B-diethylaminoethylaminoquinoline (XIV, R = CH,°CH,°NEt,) respectively. 
Although good yields were obtained, the formation of tarry substances made the working up 
of the products difficult, and subsequently diethylaminoethyl chloride hydrochloride was 
used. Application of this method to 6-amino-2-p-chloroanilinoquinoline gave 2-p-chloroanilino- 
6-8-diethylaminoethylaminoquinoline (XIII, R = CH,°CH,°NEt,) in good yield, but failed 
with 6-amino-4-p-chloroantlinoquinoline and with 8-amino-4-p-chloroanilino-6-methoxyquinoline, 
although higher temperatures and longer periods of heating were used in these attempts. 
Similarly, no product was obtained by heating 8-diethylamino-«-methylbutyl chloride and 
6-amino-2--chloroanilinoquinoline in alcoholic solution. 

The preparation of compounds with an arylamino-group in the benzene ring of the quinoline 
nucleus presents difficulties, and for the synthesis of compounds of types (XV and XVI; 
R = dialkylaminoalkyl, R’ = Cl), the reactions of ethyl ethoxymethylenemalonate with 
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4-chloro-4’-aminodiphenylamine and 4-chloro-2’-aminodiphenylamine were indicated. The 
preparation of 4-chloro-4’-aminodiphenylamine from nitrosobenzene and #-chloronitroso- 
benzene, as described in B.P. 338,240, was abandoned because of poor yields. 4-Chloro-2’-nitro- 
diphenylamine was prepared from p-chloroaniline and o-chloronitrobenzene, and subsequently 
reduced to 4-chloro-2’-aminodiphenylamine, by a modification of the method of Wilberg (Ber., 
1902, 35, 957). The analogous preparation of 4-chloro-4’-nitrodiphenylamine by heating 
p-chloroaniline with ~-chloronitrobenzene in the presence of anhydrous potassium carbonate 
required a temperature of at least 250°, and gave only a poor yield. The attempted preparation 
of this compound by heating p-chloroiodobenzene with p-nitroaniline in the presence of potassium 
carbonate, copper bronze, and potassium iodide gave 4: 4’-dichloro-4’’-nitrotriphenylamine. 
This was not altogether unexpected, since Mann and Porter (J., 1947, 914) found preferential 
formation of the triphenylamine in a similar reaction, and they overcame this difficulty by the 
use of the acetyl derivative in place of the free base. When the p-nitroaniline in the above 
experiment was replaced by p-nitroacetanilide, however, the acetyl group was eliminated and 
the triphenylamine obtained as before. Although the reduction of 4-chloro-2’-nitro- 
diphenylamine with stannous chloride and hydrochloric acid, as described by Wilberg (Joc. cit.), 
gave 4-chloro-2’-aminodiphenylamine in good yield, the attempted reduction of 4-chloro-4’- 
nitrodiphenylamine under the same conditions gave a product from which only p-chloroaniline 
was isolated. In the absence of a satisfactory method for the preparation of 4-chloro-4’-amino- 
diphenylamine, p-aminodiphenylamine was used for the preparation of a 6-arylaminoquinoline 
of type (XV) (R = dialkylaminoalkyl; R’ = H). 

4-Chloro-2’-aminodiphenylamine and #-aminodiphenylamine, by warming with ethyl 
ethoxymethylenemalonate followed by cyclisation in boiling diphenyl ether and subsequent 
hydrolysis, gave 8-p-chloroanilino-4-hydroxyquinoline-3-carboxylic acid and 6-anilino-4-hydroxy- 
quinoline-3-carboxylic acid respectively. The latter was decarboxylated above its melting 
point (255°) to 6-anilino-4-hydroxyquinoline. The hydroxyl group was replaced directly by 
the §-diethylaminoethylamino-group by interaction with §-diethylaminoethylamine, which 
gave 6-anilino-4-B-diethylaminoethylaminoquinoline (XV) (R = CH,°CH,’NEt,; R’ = H). No 
product soluble in dilute acids was obtained by heating 6-anilino-4-hydroxyquinoline with 
$-diethylamino-a-methylbutylamine. 8-p-Chloroanilino-4-hydroxyquinoline-3-carboxylic acid 
melted with decomposition at 310°, but was not decarboxylated by being heated either alone or 
in liquid paraffin. 
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EXPERIMENTAL. 
Preparation of Chloronitroquinolines. 


2-Chloro-5-nitro- and 2-Chloro-8-nitro-quinoline.—2-Chloroquinoline, prepared as described by 
Friedlander and Ostermaier (Ber., 1882, 15, 332) from 2-hydroxyquinoline obtained by the method of 
Tschitschibabin (Ber., 1923, 56, 1879), was nitrated as described by Fischer and Guthmann (J. pr. Chem., 
1916, 98, 383). The mixed chloronitroquinolines (58-7 g., m. p. 104—125°), obtained in 80% yield after 
one recrystallisation from alcohol, = on crystallisation twice from benzene (850 c.c. and 300 c.c.), 
crude 2-chloro-8-nitroquinoline (16-6 g., m. p. 140—148°), which was used without further purification 
for the preparation of 8-nitro-2-p-chloroanilinoquinoline. The mother-liquor from the first 
recrystallisation from benzene was evaporated to dryness, and gave a mixture (36-0 g.) enriched in 
2-chloro-5-nitroquinoline, which was not further purified but used directly for the preparation of 5-nitro- 
2-p-chloroanilinoquinoline. Pure specimens of 2-chloro-5-nitroquinoline, m. p. 132—133°, and 2-chloro- 
8-nitroquinoline, m. p. 149—151°, were isolated from the original mixture of isomerides by repeated 
recrystallisation from benzene and alcohol and by distillation in superheated steam respectively. 

2-Chloro-6-nitroquinoline.—6-Nitro-2-hydroxyquinoline was prepared by a modification of the 
method of Friedlander and Lazarus (Annalen, 1885, 229, 245). A mixture of nitric acid (20 g., d 1-42) 
and concentrated sulphuric acid (200 g.) was added with stirring to a solution of “oo 
(30 g.) in concentrated sulphuric acid (200 g.), the temperature being kept below 10°. e mixture was 
poured on ice, and the precipitate filtered off, washed, and dried. ecrystallisation from glacial acetic 
acid (800 c.c.) gave 6-nitro-2-hydroxyquinoline (34-7 g.), m. p. 277°. A mixture of 6-nitro-2-hydroxy- 
quinoline (25 g.), phosphorus pentachloride (50 g.), and phosphorus oxychloride (200 g.) was heated 
under reflux for 2 hours, cooled, and poured on ice. The precipitate was filtered off, washed, and dried ; 
recrystallisation from acetone (1 1.) gave 2-chloro-6-nitroquinoline (14-5 g.), m. p. 225—228° (cf. Bachman 
and Cooper, J. Org. Chem., 1944, 9, 302). 

4-Chloro-6-nitroquinoline and 8-nitro-4-hydroxy-6-methoxyquinoline.—These compounds were prepared 
as described by Riegel e¢ al. (loc. cit.), the former in 8% overall yield, m. p. 144—145° ; the latter, obtained 
in 22% overall yield, m. p. 205—212°, was converted into 4-chloro-8-nitro-6-methoxyquinoline 
immediately before condensation with ~-chloroaniline, as described below. 


Preparation of p-Chloroanilinoquinolines. 

2-p-Chloroanilinoquinoline.—A mixture of 2-chloroquinoline (4-4 g.) and p-chloroaniline (3-4 g.) was 
heated to 250° for a few minutes. The product was dissolved in hydrochloric acid, precipitated by the 
addition of a sodium hydroxide, filtered off, washed, dried and recrystallised twice from alcohol. 
2-p-Chloroani xo (4:5 g.) was obtained in white scales, m. p. 144-5—145-5° (Found: C, 70-6; 
H, 4-4. C,,H,,N,Cl requires C, 70-7; H, 44%). The A at oe in yellow needles from alcohol, 
m. p. 214—217° (Found: C, 52-4; H, 3-1. C,,H,,N,Cl,C,H,O,N, requires C, 52-1; H, 2-9%). 

8-Nitro-2-p-chloroanilinoquinoline.—A mixture of crude 2-chloro-8-nitroquinoline, m. p. 140—148° 
(12-0 g.), prepared as described above, and p-chloroaniline (7-4 g.) was heated in an oil-bath until it 
became solid and a thermometer in it registered 180°. After cooling, the mass was boiled with sodium 
carbonate solution until completely disintegrated, collected, washed, dried, and recrystallised from xylene 
(400 c.c.). 8-Nitro-2-p-chloroanilinoquinoline (13-8 g.) was obtained in light brown needles, m. p. 
206—208° (Found: C, 59-7; H, 3-4; N, 13-6; Cl, 12-1. C,,;H,,O,N,Cl requires C, 60-1; H, 3-4; N, 
14-0; Cl, 11-8%). The m. p. was not depressed on admixture with a specimen prepared in the same 
manner from _— 2-chloro-8-nitroquinoline. The acetyl derivative separated from alcohol in pale 
yellow rhombohedra, m. p. 124-5—125-5° (Found: C, 59-8; H, 3-7. C,,H,,0,N,Cl requires C, 59-7; 
H, 3-5%). The picrate formed short stout yellow-brown needles from acetone, m. p. 220—223° (Found : 
C, 47-5; H, 2-6. C,;H,,O,N,Cl,C,H,O,N, requires C, 47-7; H, 2-5%). 

5-Nitro-2-p-chloroanilinoquinoline.—The solid (36-0 g.), obtained by evaporation of the first benzene 
mother-liquor from the recrystallisation of the product of nitration of 2-chloroquinoline as described 
above, and p-chloroaniline (30-0 g.) were heated te 205—225° in an oil-bath for 1 hour. After cooling, 
the mass was dissolved in concentrated hydrochloric acid (4 1.), filtered from the dark blue by-product, 
diluted with an equal volume of water, and neutralised with aqueous ammonia. The precipitate was 
filtered off, washed, and dried. Two recrystallisations from glacial acetic acid (300 c.c. and 100 c.c.) 
gave 5-nitro-2-p-chloroanilinoquinoline (11-8 g.) as an orange-scarlet microcrystalline powder, m. p. 
197-5—198-5° (Found: C, 60-1; H, 3-6; N, 14:1. C,,;H,,0,N,Cl requires C, 60-1; H, 3-4; N, 140%). 
The m. p. was not depressed on admixture with a specimen prepared in the same manner from pure 
2-chloro-5-nitroquinoline. The acetyl derivative separated from alcohol in pale yellow rhombohedra, 
m. p. 158° (Found : C, 59-8; H, 3-7. C,,H,,0,N,Cl requires C, 59-7; H, 35%). The benzoyl derivative 
formed white plates from alcohol, m. p. 182—183° (Found: C, 65-7; H, 3-6. C,,H,,0,N,Cl requires 
C, 65-4; H, 35%). The oe arated from acetone in small, bright yellow needles, m. p. 229-5— 
230-5° (Found : ¢, 47-6; ’ 2-5. 15H1490,N,C1,C H,O.,N; requires Cc. 47-7; H, 2-5%). 

6-Nitro-2-p-chloroanilinoquinoline.—A solution of 2-chloro-6-nitroquinoline (22-4 g.) and p-chloroaniline 
(13-7 g.) in xylene (500 c.c.) was heated under reflux for 2 hours. e solid which had separated was 
filtered off, and the filtrate refluxed for a further 10 hours and again filtered. The two batches of 
hydrochloride were heated with aqueous sodium carbonate. The liberated 6-nitro-2-p-chloroanilino- 
uinoline was filtered off, washed, and dried (23-9 g.). Crystallisation, first from glacial acetic acid 
1300 c.c.) and then from toluene (650 c.c.), gave a scarlet — ous powder (21 g.), m. p. 197-5—198-5° 
(Found: C, 60-2; H, 3-4; N, 14:1. C,,H,.O,N,Cl requires C, 60-1; H, 3-4; N, 140%). The acetyl 
derivative separated from alcohol in pale yellow prisms, m. p. 145—146° (Found: C, 59-1; H, 3-8; 
C,,H,,0,N,Cl requires C, 59-7; H, 3-5%). The ie was obtained as a yellow microcrystalline 
powder, m. p. 265° (Found: C, 48-0; H, 2-7. C,,H,0,N,Cl,C,H,O,N, requires C, 47-7; H, 2-5%). 

6-Nitro-4-p-chlor ilinoquinoline.—A mixture of 4-chloro-6-nitroquinoline (2-5 g.) and p-chloroaniline 
(1-5 g.) was heated for 10 minutes over a flame. The product was dissolved in glacial acetic acid, diluted 
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with water, filtered from the dark impurity, and neutralised with sodium hydroxide. The precipitate 
was filtered off, washed, and dried. Recrystallisation from toluene (300 c.c.) gave 6-nitro-4-p-chloro- 
anilinoquinoline (2-1 g.) as an orange-brown microcrystalline powder, m. p. 235—237° (Found: C, 60-3; 
H, 3-4; N, 14:1. C,,;H,,0,N,Cl requires C, 60-1; H, 3-4; N, 140%). The picrate separated from 
alcohol in bright yellow needles, m. p. 275—276° (Found : 4 47- ‘9; H, 2-5. C,,H,,O,N,Cl,C,H,O,N, 
requires C, 47:7; H, 25%). 

8-Nitro-4-p-chloroanilino-6-methoxyquinoline. Aaa Day gy terse penn (7-7 g.) and 
phosphorus oxychloride (30 c.c.) were heated under reflux for 30 minutes. e excess of phosphorus 
oxychloride was removed under reduced pressure on the water-bath, and the residue poured on ice. 
The mixture was made slightly alkaline with ammonia, and the crude 4-chloro-8-nitro-6-methoxyquinoline 
(7-0 g.) filtered off, washed, dried, and dissolved in xylene (30 c.c.). The solution was filtered, and a 
solution of p-chloroaniline (3- 8 g.) in xylene (10 c. o added. The hydrochloride of the product began 
to separate almost immediately from the warm solution, which was then boiled under reflux for 20 
minutes to complete the reaction. The solid was filtered off, washed with ether, and heated on the 
water-bath with aqueous ammonia. The liberated 8-nitro-4-p-chloroanilino-6-methoxyquinoline was 
filtered off, washed, and dried. Recrystallisation from alcohol (200 c.c.) or) te plates (2-8 g.), 
m. p. 221—222-5° (Found : C, 58-0; H, 3:7. C,,H,,0,;N,Cl requires C, 58-3; 36%). The picrate 
separated from alcohol in fine orange needles, m. p. 220—227° (Fouad : : C, 47:8; H, 2-8. 
C,,.H,,0,N,Cl,C,H,O,N, requires C, 47-3; H, 2-7%). 


Preparation of Amino-p-chloroanilinoquinolines. 

8-A mino-2-p-chloroanilinoquinoline.—A filtered solution of stannous chloride (25 g.) in concentrated 
hydrochloric acid (25 c.c.) was added to a suspension of 8-nitro-2-p-chloroanilinoquinoline (5-0 g.) in 
glacial acetic acid (50 c.c.), and the mixture was left for 2daysinthecold. The crystalline stannichloride 
was collected and suspended in water (100 c.c.), and a solution of sodium hydroxide (125 g.) in water 
(200 c.c.) added. The liberated base was filtered off, washed with aqueous sodium hydroxide and then 
with water, and dried in the oven. A solution of the base in alcohol was saturated with dry hydrogen 
chloride; evaporation to dryness gave the hydrochloride, which was dissolved in water and the free 
base precipitated by addition of aqueous sodium carbonate, filtered off, washed, and dried. Recrystal- 
lisation from 75% aqueous alcohol (140 c.c.) gave 8-amino-2-p-chloroanilinoquinoline (3-0 g.) in shining 
= grey plates, m. p. 169-5° (Found: C, 66-3; H, 4:4; N, 15-2. C,,H,.N,Cl requires C, 66-8; H, 4-5; 

, 156%). 

5-A mino-2-p-chloroanilinoquinoline.—5-Nitro-2-p-chloroanilinoquinoline (5-0 g.) was suspended in 
glacial acetic acid (50 c.c.), and a filtered solution of stannous chloride (25 g.) in concentrated hydrochloric 
acid (25 c.c.) added. The mixture was heated for 1 hour on the water-bath and cooled overnight in the 
refrigerator. The stannichloride was filtered off and suspended in water (100 c.c.), and a solution of 
sodium hydroxide (125 g.) in water (200 c.c.) added. The liberated base was filtered off, washed with 
aqueous sodium hydroxide and then with water, and dried in the oven. Recrystallisation from xylene 
(100 c.c.) and then from alcohol ay e 5-amino-2-p-chloroantlinoquinoline (3-25 g. sae 5%) 8 pale grey 
plates, m. p. 184—186° (Found: C, 67-0; H, 4-4. C,,H,.N,Cl requires C, 66-8; 

6-A mino-2-p-chloroanilinoquinoline. —A solution of stannous chloride (30 g.) te aiinitiaas 
pe te se per acid (30 c.c.) was added to a solution of 6-nitro-2-p-chloroanilinoquinoline (10-0 g.) in 
alas acetic acid (100 c.c.) on the water-bath. After 15 minutes the solution was diluted with water 

ai 11.) and heated to 80°, and a solution of sodium carbonate (120 g. anhydrous) in water (500 c.c.) added 
slowly with stirring. The precipitate was filtered off and warmed with a solution of sodium hydroxide 
(200 g.) in water (300c.c.). The base was filtered off, washed with aqueous sodium hydroxide and then 
with water, and dried in the oven. The crude base was extracted with carbon tetrachloride (Soxhlet), 
and the extract evaporated to dryness. The residue was dissolved in alcohol (100 c.c.) and poured into 
hot water (11.). The precipitated base was filtered off, washed, and dried in the oven. Crystallisation 
from alcohol gave 6-amino-2- + Mgranenagin iy asin te 4 (7- ‘8 g.) in pale grey shining plates. Crystallis- 
ation from carbon tetrachloride gave yellow rhombohedra, m. p. 145-5—147-5° (Found: C, 66-0; H, 4-5. 
CisHyN,Cl requires C, 66-8; H, 4-5%). 

6-A mino-4-p-chloroanilinoquinoline. —To a solution of prec Bag Pp er mee nar nym (2-1 g.) in 
glacial acetic acid (21 c.c.) was added a solution of stannous chloride (6-3 g.) in hydrochloric acid (6-3 c.c.), 
and the mixture was heated for 1 hour on the water-bath and cooled overnight in the refrigerator. The 
stannichloride was filtered off and suspended in water (20 c.c.), and a solution of sodium hydroxide 
(50 g.) in water (80 c.c.) was added. After 1 hour’s heating on the water-bath, the liberated base was 
filtered off, washed with aqueous sodium hydroxide and with water, and dried. Recrystallisation from 
60% alcohol (40 c:c.) (with charcoal) gave 6-amino-4-p-chloroanilinoquinoline (1-4 ©) in pale brown 
needles which lost water of crystallisation and melted over the range 90—100°. With ‘ea slow heating a 
m. p. of 187—190° is obtained (Found : C, 62-1; H, 5-3; loss at 100° in a vacuum, 6-7. C,,H,,N;Cl,H,O 
requires C, 62-6; H, 5-3; H,O, 6-3%). 

8-A mino-4-p-chloroanilino-6-methoxyquinoline. —aA solution of stannous chloride (8-4 g.) in concentrated 
hydrochloric acid (8-4 c.c.) was added to a solution of 8-nitro-4-p-chloroanilino-6-methoxyquinoline 
(2-8 g.) in glacial acetic acid (28 c.c.) and the mixture was left overnight in the egg er The 
stannichloride was filtered off and suspended in water (25 c.c.), and a solution of sodium hydroxide 

50 g.) in water (80 c.c.) added. After 30 minutes’ heating on the water-bath, the liberated ies vee 





tered off, washed with aqueous sodium h mae goer yee with water, and driedintheoven. Crystallisation 
from alcohol gave 8-amino-4-p-chloroanilino-6-metho. inoline (2: ‘1 g.) in small green-yellow needles, 
m. p. 174-5—175-5° (Found : ro 60-3; H, 5-3. C,H 4ON,C1,H,O requires C, 60-4; H, 5-0%). 





Preparation of Arylaminodialkylaminoalkylaminoquinolines 
2-p-Chloroanilino-8-B-diethylaminoethylaminoquinoline.—8-A mino-2-p-chloroanilinoquinoline (4-8 g.) 
and diethylaminoethy! chloride (2-4 g.) in xylene (120 c.c.) were heated on the water-bath for 24 hours, 
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cooled, and extracted with 80 c.c. of 2-ON- and two 40 c.c. amounts of 1-0N-hydrochloric acid. The 
combined acid extracts were made strongly alkaline by the addition of potassium hydroxide (60 g.), and 
extracted twice with ether (60 c.c.). e combined ether extracts were dried (KOH), filtered, and 
saturated with dry hydrogen chloride. The precipitated 2-p-chloroanilino-8-B-diethylaminoethylamino- 
quinoline hydrochloride (5-0 g.) was filtered off, washed with a little dry ether, and dried in a vacuum; it 
was obtained as a bright yellow crystalline deliquescent solid. The picrate separated from alcohol in 
small bright yellow needles, m. p. 150-5—154-5° (Found: C, 47-6; H, 3-7; N, 16-3; Cl, 43. 
C,,H,,N,Cl,2C,H,O,N, requires C, 47-9; H, 3-75; N, 16-9; Cl, 43%). The tartrate, prepared by the 
addition of a slight excess of an alcoholic solution of tartaric acid to an ethereal solution of the base, was 
obtained as a yellow crystalline solid, readily soluble in water but only slightly hygroscopic (Found : 
C, 52-9; H, 6-5. C,,H,,N,C1,C,H,O,,3H,O requires Cc, 52-4; H, 6-5%). 
2-p-Chloroanilino-5-B-diethylaminoethylaminoquinoline.—5-Amino-2-p-chloroanilinoquinoline (5-5 g.) 
and diethylaminoethyl chloride (2-7 g.) in xylene (100 c.c.) were heated on the water-bath for 24 hours, 
cooled, and extracted with dilute hydrochloric acid (200 c.c. of 2-0N acid in 4 portions). The combined 
acid extracts were made alkaline with potassium hydroxide, which precipitated a black tar. This was 
repeatedly shaken with 200 c.c. quantities of ether, and the combined extracts were dried (KOH), 
filtered, and saturated with dry hydrogen chloride. 2-p-Chloroanilino-5-B-diethylaminoethylamino- 
quinoline hydrochloride (6-6 g.) separated as a bright yellow crystalline deliquescent solid, which was 
purified by conversion into the free base and reprecipitation as hydrochloride. The picrate separated 
from alcohol in small yellow-brown flat prisms, which melted irregularly at about 200° (Found : C, 47-0; 
H, 4:1; N, 17-1; Cl, 3-9. C,,H,,N,Cl,2C,H,O,N, requires C, 47-9; H, 3-75; N, 16-9; Cl, 43%). The 
oxalate was obtained as a yellow amorphous powder which darkened at 96°, and decomposed above this 
temperature or on being kept at room temperature for several months (Found : C, 55-6; H, 5-9; N, 11-0; 
Cl, 7-6. C,,H,,N,Cl,C,H,O,,2H,O requires Pf Cc, 55-8; H, 5-9; N, 11-4; Ci, 7-2%). 
2-p-Chloroanilino-6-B-diethylaminoethylami inoline.—6-Amino-2-p-chloroanilinoquinoline (4-1 g.) 
and diethylaminoethyl chloride hydrochloride (2-6 g.) in alcohol (100 c.c.) were heated under reflux on 
the water-bath for 3 hours. The greater part of the alcohol was removed under reduced pressure on the 
water-bath, and addition of dry ether (200 c.c.) precipitated 2-p-chloroanilino-6-8-diethylaminoethyl- 
aminoquinoline hydrochloride. This was filtered off, washed with ether and dried in a vacuum over 
Phosphoric oxide. It was purified by conversion into the base and reprecipitation with dry hydrogen 
chloride as a bright yellow crystalline deliquescent solid (5-4 g.). The picrate separated from 
alcohol in clusters of orange crystals, m. p. (slow heating) 188—192° (Found: C, 47-3; H, 4-0. 
C,,H,,N,Cl,2C,H,O,N, requires C, 47-9; H, 3-75%). The oxalate was obtained as a yellow powder, 
m. p. 183° (decomp.) (Found: C, 55-3; H, 5-7. C,,H,,;N,Cl,C,H,O,,2H,O requires C, 55-8; H, 5-9%). 


4-Chloro-4’-aminodiphenylamine was prepared in 14% yield as describe in B.P. 338,240, and 4-chloro- 
2’-aminodiphenylamine was obtained by a modification of the method of Wilberg (loc. cit.). A mixture 
of o-chloronitrobenzene (40-0 g.), p-chloroaniline (32-5 g.), and anhydrous potassium carbonate (35-0 g.) 
was heated under reflux in an oil-bath at 190—-225° for 3 days. Concentrated hydrochloric acid (75 c.c.) 
was then added and the mixture was distilled with steam to remove unchanged reactants. The residual 
solid was filtered off, washed, dried, and extracted with ether (Soxhlet). Evaporation of the extract 
gave 4-chloro-2’-nitrodiphenylamine in red needles which were recrystallised from alcohol (400 c.c.) 
with charcoal (24-3 g.; m. p. 145-5°). Reduction, as described by Wilberg (Joc. cit.), gave 4-chloro-2’- 
aminodiphenylamine (m. p. 115—118°) in 75% yield. 

4-Chloro-4’-nitrodiphenylamine.—A mixture of p-chloronitrobenzene (100 g.), p-chloroaniline (80 g.), 
and anhydrous potassium carbonate (90 g.) was heated under reflux on a metal-bath at 255° for 3 days, 
cooled, and distilled with steam to remove unchanged reactants. Concentrated hydrochloric acid 
(100 c.c.) was added, and the solid filtered off, washed, dried, and extracted with ether (Soxhlet). The 
extract was evaporated to about 200 c.c., cooled, and filtered. The residue was washed with a little ether 
and extracted with alcohol (Soxhlet). The 4-chloro-4’-nitrodiphenylamine, which crystallised from the 
extract, was filtered off and recrystallised from alcohol oe c.c.); it was obtained in pale brown shining 
plates (10-3 g.), m. p. 186—186-5° (Found: C, 57-9; H, 3-1. C,,H,O,N,Cl requires C, 57-9; H, 3-1%). 

4: 4’-Dichloro-4” -nitrotriphenylamine.—(a) A mixture of p-nitroaniline (12-1 g.), p-chloroiodobenzene 
(30 g.), anhydrous potassium carbonate (10 g.), ones bronze (0-2 g.), and potassium iodide (0-1 g.) was 
heated under reflux in an oil-bath for 34 hours. en cold, the mixture was extracted with alcohol 
(Soxhlet), and the solid which separated from the extract was filtered off and dissolved in alcohol (1500 c.c.). 
Addition of water precipitated 4 : 4’-dichloro-4”-nitrotriphenylamine, which after crystallisation 6 times 
from alcohol had m. p. 218—223° (1-0 g.) (Found: C, 59-7; H, 3-5. C,,H,,0,N,Cl, requires C, 60-2; 
H, 3-3%). (6) A mixture of p-nitroacetanilide (2-6 g.), p-chloroiodobenzene (17 g.), anhydrous potassium 
carbonate (1-5 g.), copper bronze (0-1 g.) , and potassium iodide (0-05 g.) was heated under reflux (oil-bath 
at 240°) for 1} hours. The mixture after cooling was distilled with steam, and the residue was 

i thrice from alcohol. 4: 4’-Dichloro-4”-nitrotriphenylamine (0-5 g.) was obtained in 
clusters of fairly large golden-yellow angular plates, m. p. 219-5—-222-5°, not depre: on admixture with 
the specimen prepared by method (a) (Found: C, 59-65; H, 3-45%). 

Reduction of 4-Chloro-4’-nitrodiphenylamine.—4-Chloro-4’-nitrodiphenylamine (4-8 g.), stannous 
chloride (17-7 g.), and concentrated hydrochloric acid (20 c.c.) were heated on the water-bath for 1 hour 
and cooled in the refrigerator. The stannichloride was filtered off and suspended in a solution of sodium 
hydroxide (40 g.) in water (100 c.c.). The solid was filtered off, washed with aqueous sodium hydroxide 
and then with water, and dried in a vacuum. The —s was extracted with carbon tetrachloride 
and evaporated to dryness, and the residue with light petroleum (b. p. 60—80°) (300 c.c.). 
Evaporation to about 80 c.c. deposited large octahedral crystals (1-0 g.), which after several 

isations from light petroleum (b. p. 40—60°) had m. p. 70—71°, depressed on admixture with 
an authentic specimen of ay elt pee pe 3g lamine, prepared as described above, but not on 
admixture with p-chloroaniline (Found: C, 56-4; H, 4-9. ic. for C,H,NC1: C, 56-6; H, 47%). 
6-A nilino-4-hydroxyquinoline.—p-Aminodiphenylamine (25-8 g.) and ethyl ethoxymethylenemalonate 
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(31-8 g.) were heated on the water-bath for 20 minutes. The crude product (m. p. 111—116°) was melted 
and added dropwise to refluxing diphenyl ether (150 g.) during 10 minutes. Refluxing was continued 
for a further 5 minutes. When the mixture was cold, light petroleum (b. p. 60—80°; 200 c.c.) was added 
and the ethyl 6-anilino-4-hydroxyquinoline-3-carboxylate filtered off, washed, and dried in the oven. 
The ester which was obtained as a cream-coloured powder, m. p. 255° (decomp.), was hydrolysed by 
boiling under reflux for 1 hour with a solution of sodium hydroxide (30 g.) in 25% alcohol (400 c.c.). 
Neutralisation with dilute hydrochloric acid precipitated 6-anilino-4-hydroxyquinoline-3-carboxylic 
acid, which was filtered off, washed, and dried in the oven, being so obtained as a white powder, m. p. 
255° (decomp.) (25-2 g.). It was decarboxylated by being heated in a oil-bath at 275° for 30 minutes. 
After cooling, the residue was dissolved in f-ethoxyethanol (100 c.c.), and the solution filtered and 
diluted with water (700 c.c.). 6-Anilino-4-hydroxyquinoline (8-6 g.) separated on cooling in pale 
yellow-brown needles, m. p. 191—192° (Found: C, 70-8; H, 5-8. C,,;H,,ON,,H,O requires C, 70-8; 
H, 55%). The water is lost in the range 140—160°, and care is necessary toavoidafalsem.p. — 
4-Chloro-6-anilinoquinoline.—6-Anilino-4-hydroxyquinoline (0-8 g.) and phosphorus oxychloride 
(5 c.c.) were heated under reflux for 1 hour. The mixture was cooled, poured on ice, and neutralised 
with sodium carbonate. The solid was filtered off, washed, and dried; crystallisation from benzene 
and then from light petroleum (b. p. 80—100°) gave egy eo (0-5 g:) in sheaves of stout 
yellow needles, m. p. 147—148° (Found: C,'70-6; H, 4-4. C,,H,,N,Cl requires C, 70-7; H, 4:3%). 

6-A nilino-4-B-diethylaminoethylaminoquinoline.—6-Anilino-4-hydroxyquinoline monohydrate (4-9 g.) 
was heated for 10 minutes in an oil-bath at 210°, after which f-diethylaminoethylamine (6-0 g.) and 1 
crystal of potassium iodide were added. The mixture was heated under reflux (oil-bath at 175°) for 
72 hours. When cold, the mixture was dissolved in alcohol (100 c.c.), and a solution of picric acid (5 g.) 
in alcohol (50 c.c.) was added. After standing overnight in the refrigerator, the picrate which separated 
was filtered off, washed, dried, and heated on the water-bath with 15% aqueous potassium hydroxide. 
The liberated base was filtered off, washed, and dried. Crystallisation from benzene (20 c.c.) gave 
6-anilino-4-B-diethylaminoethylaminoquinoline (1-5 g.) in yellow-brown irregular crystals, m. p. 170-56— 
172-5° (Found: C, 74:6; H, 7-7; N, 16-7. C,,H,gN, requires C, 75-4; H, 7-8; N, 16-7%). The picrate 
separated from cyclohexanone—alcohol in small orange needles, m. p. 201-5—207° (Found: C, 50-2; 
H, 4:2. C,,H,.N,,2C,H,O,N, requires C, 50-0; H, 40%). The hydrochloride crystallised from acetone- 
water in fine pale yellow needles, m. p. 170-5—172-5° (Found: C, 56-1; H, 7-15. C,,H,,N,,2HC1,2H,O 
requires C, 56-9; H, 7:2%). 

Ethyl 8-p-Chloroanilino-4-hydroxyquinoline-3-carboxylate.—4-Chloro-2’-aminodiphenylamine (20-0 g.) 
and ethyl ethoxymethylenemalonate (20-0 g.) were heated on the water-bath for 3} hours. The product, 
m. p. 119—131°, was added in small portions to a refluxing mixture of diphenyl (60 g.) and diphenyl 
ether (140 g.). The addition took 10 minutes, and refluxing was continued for a further 20 minutes. 
After cooling, light petroleum (b. p. 40—60°) (1 1.) was added, and the precipitated ethyl 8-p-chloroanilino- 
4-hydroxyquinoline-3-carboxylate filtered off, washed, dried, and recrystallised from pyridine (300 c.c.). 
The ester (17-9 g.) was obtained in minute pale cream needles, m. p. 236—244° (Found : C, 63-4; H, 4-4. 
C,,H,,0,N,Cl requires C, 63-1; H, 4.4%). Hydrolysis of the ester by boiling under reflux for 1 hour 
with aqueous or aqueous-alcoholic sodium hydroxide, filtering, and neutralising with dilute hydrochloric 
acid gave 8-p-chloroanilino-4-hydroxyquinoline-3-carboxylic acid in almost quantitative yield as an 
orange-brown powder, m. p. 310° (decomp.), which can be recrystallised with difficulty from pyridine or 
pyridine-alcohol (Found: C, 61-5; H, 4-1. C,,H,,0O,;N,Cl requires C, 61-0; H, 35%). Attempts to 
decarboxylate this acid by heating it either alone or in liquid paraffin were unsuccessful. 


This investigation was commenced as part of a wartime programme of antimalarial research sponsored 
by the Medical Research Council in collaboration with way Chemical Industries Limited. The 
authors are greatly indebted to the Council for a grant (P. C. C.) and to Imperial Chemical Industries 
Limited, both for materials and for carrying out the antimalarial tests. 
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55. Application of the Hofmann Reaction to the Synthesis of Heterocyclic 
Compounds. Part VI. Experiments on the Synthesis of Purine 
Nucleosides. Part XXI. A Synthesis of Xanthosine. 

By G. A. Howarp, A. C. McLean, G. T. NEwBotp, F. S. Sprinc, and A. R. Topp. 


The synthesis of 9-p-ribofuranosidoxanthine, identical with xanthosine from natural sources, 
is described. ; 


THE first series of papers named in the title describes the development of a route for the synthesis 
of purine glycosides of the xanthosine (9-p-ribofuranosidoxanthine) type. Initially, it was 
shown that treatment of glyoxaline-4 : 5-dicarboxyamide with alkaline hypobromite gave 
xanthine, and that similar treatment of 1-methylglyoxaline-4 : 5-dicarboxyamide gave 9-methyl- 
xanthine and not 7-methylxanthine (Baxter and Spring, /J., 1945, 232). This fortunate 
behaviour led to a synthesis of 9-glycosidoxanthines in which the requisite glyoxaline-4 : 5- 
dicarboxyamide was prepared by treatment of the silver derivative of methyl glyoxaline-4 : 5- 
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dicarboxylate with the appropriate acetobromo-sugar followed by reaction of the product with 
ammonia. Each of the 1-glycosidoglyoxaline-4 : 5-dicarboxyamides so obtained is of the 
pyranose type. Of the various 1-glycosidoglyoxaline-4 : 5-dicarboxyamides obtained, 
the 1-p-xylopyranosido-, 1-p-mannopyranosido-, and 1-p-ribopyranosido-derivatives were 
successfully converted into the corresponding 9-p-glycopyranosidoxanthines by treatment with 


alkaline hypobromite (Baxter and Spring, Joc. cit.; J., 1947, 378; Baxter, McLean, and 
Spring, J., 1948, 523). 
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Methods for the synthesis of purine nucleosides have been the subject of investigations 
described in the second series of papers named in the title. A related investigation disclosed a 
method for the preparation of acetobromoribofuranose in which 1: 2: 3: 5-tetra-acetyl 
p-ribofuranose is treated with hydrogen bromide and which has been used to effect a synthesis of 
the natural nucleosides cytidine (Howard, Lythgoe, and Todd, J., 1947, 1052), adenosine 
(Davoll, Lythgoe, and Todd, J., 1948, 967), and guanosine (idem, ibid., p. 1685). 


H-(CH-OH},° H-CH,°OH dus1cH-o), bercH,-oH 
(I.) 


. , /NH (II.) 
- an NH, a ) \co 
O-NH, N 


N 
co/NH 


It was agreed to join these two series of investigations in an attempt to synthesise xanthosine. 
Condensation of the silver salt of methyl glyoxaline-4 : 5-dicarboxylate with acetobromo- or 
acetochloro-p-ribofuranose gave a product which could not be obtained in a crystalline form. 
The product (from acetochloro-p-ribofuranose) was treated with ammonia to yield 1-p-ribo- 
furanosidoglyoxaline-4 : 5-dicarboxyamide (I). Treatment of (I) with alkaline hypobromite 
solution gave an amorphous potassium salt. The potassium salt was converted into the 
corresponding lead salt, and the latter decomposed by means of hydrogen sulphide to yield 
xanthosine (II) as fine needles. It gave a positive Molisch test and was characterised by its 
ultra-violet absorption spectrum in acid and alkaline solution (see Fig.; cf. Gulland, Holiday, 
and Macrae, J., 1934, 1639). Titration with periodate confirmed the furanose form of the 
glycosidic group, and confirmation of the identity of the synthetic xanthosine with that of a 
sample from natural sources was obtained by comparison of X-ray powder photographs which 
were identical; we are indebted to Dr. J. H. A. Clews for these measurements. 


EXPERIMENTAL. 


1-p-Ribofuranosidoglyoxaline-4 : 5-dicarboxyamide.—A solution of 1: 2:3: 5-tetra-acetyl D-ribo- 
furanose (2°75 g.; Howard, Lythgoe, and Todd, Joc. cit.) in dry ether (50 c.c.), which had been saturated 
with dry hydrogen chloride at 0°, was set aside at 0° for 3 days, and then evaporated under reduced 
pressure at 15°. The residual crude acetochloro-sugar was taken up in a little dry xylene and added toa 
suspension of the silver salt of methyl glyoxaline-4 : 5-dicarboxylate (3-5 g.; Baxter and Spring, 1945, 
loc. cit.) in xylene (50 c.c.) which had been dried by azeotropic distillation, and the mixture was heated 
under reflux in an oil-bath at 180° for 2 hours and filtered hot, and the filter residue washed with hot 
xylene. Addition of light petroleum to the cooled filtrate and washings precipitated a yellow resin. 
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The supernatant liquid was removed by decantation, and the gum washed with light petroleum and 
dissolved in the minimum amount of hot methanol. A quantity of methyl glyoxaline-4 : 5-dicarboxylate, 
which separated when the solution was cooled, was removed by filtration. Evaporation of the filtrate 
gave a yellow gum (1-9 g.) which could not be crystallised; it was dissolved in ethanolic ammonia (30 c.c. 
saturated at 0°), and the solution set aside for 44 days. Evaporation under reduced pressure yielded a 
gelatinous residue which was dissolved in hot water (6 c.c.), treated with charcoal, and allowed to cool. 
The crystalline material (0-5 g.; m. p. ca. 200°) which separated was recrystallised several times from 
water giving 1-D-ribofuranosidoglyoxaline-4 : 5-dicarboxyamide (0-35 g.) as colourless needles, m. p. 
218—220° (rapid heating), [a]}*° —16° (+5°) (c, 0-276 in pyridine). Periodate titration: 10-6 mg. 
consumed periodate equivalent to 0-84 c.c. of 0-0985N-sodium arsenite in 69 hours, i.e., uptake 
corresponding to 1-1 mols. of periodate per mol. of glycoside (Found in material dried at 100°/10-* mm. : 
C, 42-4; H, 5-2; N, 19-9. C,9H,,0O,N, requires C, 42-0; H, 4:9; N, 19-6%). 

Xanthosine.—1-p-Ribofuranosidoglyoxaline-4 : 5-dicarboxyamide (400 mg.) was treated at 0° with 
hypobromite solution [2-4 c.c. (1 mol. of KOBr), prepared as described by Baxter and Spring, J., 1947, 
378] with shaking. Solution was soon complete, and the mixture was kept at 0° for 1 hour.. After being 
heated for 4 minutes on the water-bath it was acidified with dilute acetic acid and kept at 0° for 18 hours; 
a flocculent solid was deposited during this period. Ethanol (0-25 c.c.) was added and the mixture kept 
at 0° for 2 hours. The solid was collected and dissolved in a little warm water, and the solution filtered 
and treated with ethanol until it became faintly opalescent. After 3 days at 0°, the amorphous solid was 
collected and dried in a vacuum over phosphoric oxide (67 mg.); the presence of potassium was 
established by ignition. A further quantity (30 mg.) of this salt was obtained by treatment of the 
mother liquor with ethanol. 

The potassium salt (97 mg.) was dissolved in the minimum amount of water and treated dropwise 
with a saturated solution of lead acetate and dilute ammonia solution added alternately until 
precipitation was complete. The lead salt was washed with water, suspended in warm water, and 
decomposed by a stream of hydrogen sulphide. The mixture was filtered, and the residue again treated 
with hydrogen sulphide. The combined filtrates were concentrated to small bulk under reduced 
pressure. On standing, xanthosine (36 mg.) separated as needles. For analysis, the specimen was twice 
recrystallised from aqueous ethanol and dried at 110°/0-5 mm. (Found: C, 41-0; H, 4:2; N, 19-3. 
Calc. for CygH,,0,N,,4H,O: C, 41-0; H, 4:4; N, 19-1%). Periodate oxidation: 4-036 mg. and 
4-812 mg. consumed periodate equivalent to 0-26 c.c. and 0-33 c.c. of 0-1N-sodium arsenite in 36 hours, 
corresponding to a consumption of 0-9 and 1-0 mol. of periodate per mol. of glycoside respectively. 


We thank Mr. J. Davoll for preparing a specimen of xanthosine from natural guanosine, and we 
acknowledge gratefully a Senior Award made to one of us (G. A. H.) by the Department of Scientific and 
Industrial Research, and the award of a Fellowship to another (A. C. McL.) by the Ferguson Bequest 
Fund. 
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56. Action of Diazomethane and of Diphenyldiazomethane on 
Nitro-anils. 


By AHMED MustTAFA. 


Certain anils (Table I) are stable or very resistant towards ethereal diazomethane solution, 
whereas others (Table II) react readily with it, yielding 4: 5-diaryl-4 : 5-dihydro-1 : 2: 4- 
triazoles. 
p-Nitrobenzylidene-p-nitroaniline (Ia) reacts with diphenyldiazomethane to give the 
triazoline (V1). 


In continuation of investigations on the action of diazomethane on aromatic compounds 
(Schonberg and Mustafa, J., 1946, 746; 1947, 1045; 1948, 605), the anils of aromatic 
aldehydes and ketones listed in Table I were treated with ethereal diazomethane solution, but 
they failed to react. On the other hand, the anils listed in Table II reacted in molecular 
proportion. The products obtained by the action of diazomethane on the anils (I) could be 
represented by either (II) or (III), but the latter is preferred, and the former is regarded as an 
intermediate product : 
R-CH——NR’ R-CH——NR’ 
CH,N; Heat 
a> —> (Ll) 
R-OoN—R’ Ny oe re Hk 
(I.) (II.) (III.) 

[Ia and Illa, R = R’ = p-C,H,-NO,; Ib and IIIb, R = p-C,H,-NO,, R’ = m-C,H,NO,; Ic and 
IIIc, R = m-C,H,NO,, R’ = p-C,H,-NO,; Id and IIId, R = 2: 4-C,H,(OMe),, R’ = p-C,H,'NO,; 
Ie and IIle, R = p-C,H,"NO,, R’ = p-C,H,Br.] 

The proof of the constitution of these products may be illustrated by consideration of 4 : 5-di- 
(p-nitropheny])-4 : 5-dihydro-1 : 2: 4-triazole. The structure (IIIa) accords with the fact that 
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the substance contains active hydrogen and with its yellow colour; (Ila), being a cyclic 
azo-compound, would be expected to have a more intense colour (see below). When heated, 
(IIIa) decomposes with evolution of gas and regeneration of (Ia), and the latter result is 
produced by hydrolysis. On the basis of (IIIa), the pyrolysis can be interpreted without 
rupture of a C-C linkage. On the other hand, no structure involving direct attachment of the 
carbon atom of diazomethane to the median carbon atom of the anil would satisfy these 
conditions. This seems to be in favour of (IIIa) because under the experimental conditions 
used, viz., heating at 270°, it does not seem very probable that such a C-C linkage would be 
ruptured [compare the thermal decomposition of 3-benzoyl-4-phenyl-A}-pyrazoline (IV) 
(obtained by the action of ethereal diazomethane on benzylideneacetophenone), which yields the 
dypnone (V) (Smith and Pings, J. Org. Chem., 1937, 2, 23)]. 


Ph H-COPh peat 
Ph-CH:CH-COPh + CH,N, —> \ cqmaneel> sot ante 


(IV.) (V.) 


When, instead of diazomethane, diphenyldiazomethane is used, an isomeric shift (II ——-> III) 
is impossible; the deep reddish-orange triazoline (VI) is obtained, which when heated or 
hydrolysed regenerates (Ia). Moreover, (VI) contains no active hydrogen. 


eT Ff Yorverm” " 


NO, CHG — calle NO, aia 0. ra 
(VI.) oH, (VII.) 
“\x CN-C,H,-NO, 


The m- and p-nitroaniloxanthens (VII) were prepared by reaction between the corresponding 
nitroanilines and 5 : 5-dichloroxanthen (xanthone ketodichloride). 

Table I.—Substances stable towards ethereal diazomethane. Benzylideneaniline, benzylidene- 
p-bromoaniline, p-nitrobenzylidene-8-naphthylamine, m-nitrobenzylidene-$-naphthylamine, m- 
and ~-nitroaniloxanthen. 

Table I1.—Swubstances which react with ethereal diazomethane. ~p-Nitrobenzylidene-p- and 
-m-nitroaniline, m-nitrobenzylidene-p-nitroaniline, 2: 4-dimethoxybenzylidene-p-nitroaniline, 
p-nitrobenzylidene-p-bromoaniline. 


aD ee Oo 


Vv 
_ 


EXPERIMENTAL. 


p-Nitroaniloxanthen.—Xanthone (2 g.) was refluxed with thionyl chloride (30 c.c.) for 12 hours; the 
excess of thionyl chloride was distilled off by means of the pump, and the residual oil dissolved in 
benzene (30 c.c.) and refluxed with p-nitroaniline (1 g.) for 3 hours (cf. Schénberg and Asker, J., 1942, 
725). The solid which separated was filtered off, washed with water and dilute hydrochloric acid, and 
crystallised from benzene-light petroleum (b. p. 30—50°), forming yellow crystals, m. p. 182° (Found : 
C, 72-1; H, 3-6; N, 8-5. C,.H,,0,N, requires C, 72-2; H, 3-8; N, 88%). The p-nttroaniloxanthone 
was easily soluble in benzene or hot ethyl alcohol, and difficultly soluble in light petroleum (b. p. 70—80°), 
and gave an orange-red colour with sulphuric acid. 

m-Nitroaniloxanthen.—Similarly, this compound was obtained by use of m-nitroaniline; it formed 
F's: yellow crystals from benzene-light petroleum-(b. p. 30—50°), m. p. 178° (Found : C, 72- 0; H, 3-7; 

* 86%), og difficultly soluble in light petroleum (b. p. 70—80°), ond gave an orange-red colour with 
sulphuric aci 

Steon of Anils (Table 1) with Ethereal Diazomethane.—Ethereal solutions “! 1 g. of each of 
benzylideneaniline, benzylidene-p-bromoaniline (Hantzsch and Schwab, Ber., 1901, 34, 831), p-nitro- 
benzylidene-f-na et gta (Zenoni, Gazzetta, 1893, 23, ii, 519), m-nitrobenzylidene-f-naphthylamine 
(idem, ibid.), and the two nitroaniloxanthens were treated with excess of cold ethereal diazomethane 
solution (prepared from nitrosomethylurea, 8 g., followed by distillation), and the mixture left for 
48 hours at 0°, during which fresh amounts of ethereal diazomethane solution were added. The ether 
was then evaporated, and in every case the crude products showed the properties of the starting materials 
and after recrystallisation showed the same m. p. and mixed m. p. 

2 : 4-Dimethox ee ener Enis anil was prepared by heating 2: 4-dimethoxy- 
benzaldehyde and p-nitroaniline together without a solvent (bath temp. 150°) until water ceased to be 
evolved (about 30 minutes). The solid product obtained on cooling was washed with hot ethyl alcohol 
and crystallised from benzene-light ype (b. p. 30—50°) in mr llow crystals, m. p. 148° (Found : 
C, 62-6; H, 4-8; N, 9-6. C,,H,,0O,N, requires C, 62-9; H, 4-9; N. 9.8%). It is soluble in hot benzene 
and difficultly soluble in ethyl alcohol. 

Action of. Ethereal Diazomethane on Anils listed in Table I1.—(a) p-Nitrobenzylidene-p-nitroaniline 
(1 tg.) ee and Piggott, J., 1922, 121, 2793) was treated with excess of cold ethereal diazomethane 


exactly as for the anils of able I. The seeniting yellow cryeisla ware Sitered oft washed with light 


eum (b. p. 30—50°), and crystallised from benzene yellow ac. = SF nth a 
decomp.; red Fnelt) (Found: C, 53-7; H, 3-5; N, 22-0; active ve hydrogen, 0-31. aN, requires 
C, 53-7; H, 3-5; N, 22-4; active hydrogen, 0-32% ). 4: 5 Dixtp-muvophenyi)-4 31 Sdiptinel: 2:4 
triazole is soluble in hot benzene, difficultly soluble in hot methyl alcohol, and gives no colour with 
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sulphuric acid. On hydrolysis (see below) or on heating at 270° (bath temp.), it affords the original 
a In the thermal decomposition, 1 g. was heated in a stream of dry carbon dioxide for 4 hour; the 
yellow sublimate which formed on the walls of the reaction tube was extracted with hot benzene and on 
concentration of the benzene extract, yellow crystals of the anil were obtained (m. p. 199° 
and mixed m. p.). 

(b) Similarly, 4-(p-nitrophenyl)-5-(m-nitrophenyl)-4 : 5-dihydro-1 : 2: 4-triazole was obtained from 
p-nitrobenzylidene-m-nitroaniline (Ingold and Piggott, Joc. cit.) in yellow crystals from benzene-light 
petroleum (b. p. 30—50°), m. p. 128—129° (decomp. ; yellow melt) (Found : C, 53-4; H, 3-3; N, 22-1%). 
It is soluble in hot benzene and ethy] alcohol and difficultly soluble in light petroleum (b. p. 30—50°) and 
gives no colour when treated with concentrated sulphuric acid. When heated at 270° (bath temp.) it 
yields the anil (Ib) (m. p. and mixed m. p.). 

“ (c) 4-(m-Nitrophenyl)-5-(p-nitrophenyl)-4 : 5-dihydro-1 : 2: 4-triazole, similarly prepared, readily 
crystallised from benzene-light petroleum (b. p. 30—50°) in yellow crystals, m. p. 170° (decomp. ; red 
melt) (Found: C, 53-4; H, 3-4; N, 22-2%). Itis easily soluble in hot benzene and difficultly soluble in 
ethyl alcohol. 

(d) Similarly, 4-(2 : 4-dimethoxyphenyl)-5-(p-nitrophenyl)-4 : 5-dihydro-1 : 2 : 4-triazole separated from 
ethyl alcohol in yellow crystals, m. p. 160° (decomp.) (Found: C, 58-3; H, 4:7; N, 16-8. C,,.H,,O,N, 
requires C, 58-5; H, 4:9; N, 17-19), soluble in benzene and difficultly soluble in light petroleum (b. p. 
30—50°), and giving a yellow-orange colour with sulphuric acid. 

(e) In the usual manner, p-nitrobenzylidene-p-bromoaniline (Ingold and Piggott, loc. cit.) was 
converted into 5-( ee ee ee : 5-dihydro-1 : 2: 4-triazole, which formed yellow 
crystals from ethyl alcohol, m. p. 161° (decomp.) (Found: C, 48-0; H, 3-2; N, 16-0; Br, 22-8. 
C,,H,,0,N,Br requires C, 48-4; H, 3-2; N, 16-1; Br, 23-1%). Itis readily soluble in ether and benzene 
and difficultly soluble in light petroleum (b. p. 50—70°). 

Action of Diphenyldiazomethane on p-Nitrobenzylidene-p-nitroaniline.—The anil (1 g.), dissolved in 
benzene (20 c.c.), was treated with diphenyldiazomethane (Staudinger and Gaule, Ber., 1916, 49, 1897) 
(prepared from benzophenone hydrazone, 1-2 g., and yellow mercuric oxide, 3 g., suspended in benzene, 
50 c.c.). The mixture was refluxed for 4 hours and the deep red colour faded. After 24 hours at room 
temperature, the benzene was evaporated off, the solid residue extracted with hot ethyl alcohol, and the 
extract concentrated; reddish-brown crystals separated, and when recrystallised from ethyl alcohol- 
benzene, these had m. p. 230° (deep red melt) (Found: C, 66-9; H, 4:0; N, 14-9. C,,.H,,0O,N, requires 
C, 67-1; H, 4:1; N, 15:1%). 2: 2-Diphenyl-1 : 5-di-(p-nitrophenyl-1 : 2-dihydro-1 : 3 : 4-triazine (VI) is 
soluble in hot benzene and alcohol and difficultly soluble in light petroleum (b. p. 30—50°). When 
heated at 270° or hydrolysed by acid (see below), it regenerated the anil (m. p. and mixed m. p.) and an 
amorphous product which could not be identified. 

Hydrolysis of Triazoles.—(a) 0-5 G. of the triazole (IIIa) was refluxed with hydrochloric acid (@ 1-18; 
20 c.c.) for 6 hours, during which fresh amounts of the acid were added (about 40 c.c.). On cooling, the 
oily product separated and solidified; it was filtered off, washed with water, and extracted with ether. 
The ethereal extract was washed with aqueous sodium carbonate solution, dried (Na,SO,), and the ether 
evaporated off. The residue crystallised from benzene in yellow crystals of the anil (m. p. 198° and 
mixed m. p.) (Found : C, 57-5; H, 3-3; N, 15-3. Calc. forC,;H,O,N;: C, 57-6; H, 3-3; N, 15-5%). 

(b) Similarly, 0-5 g. of (VI) was treated as described in the preceding paragraph, and (Ia) was obtained 
(m. p. and mixed m. p.). 


Fovap I UNIvVErRsitTy, FACULTY OF SCIENCE, 
ABBASSIA, CatRo, EGYPT. (Received, March 25th, 1948.] 





57. Olefinic Acids. Part III. isoPropylidene-isoPropenyl Isomeris- 
ation in the Reaction of «-Bromo-88-dimethylacrylic Acid with Alkoxides. 


By L. N. OweEn. 


With methanolic alkali, a-bromo-£f-dimethylacrylic acid gives mainly a-methoxy-B-methylene- 
butyric acid (X), together with a small amount of a-methoxy-BB-dimethylacrylic acid (VII); 
similarly, with sodium ethoxide the corresponding ethoxy-derivatives are obtained. a-Methoxy- 
and a-ethoxy-isovaleric acids are formed by hydrogenation of these products. There is no 
evidence of any addition of alkoxide to the double bond. 


In Part I (Owen, J., 1945, 385; cf. Pfister, Robinson, and Tishler, J. Amer. Chem. Soc., 1945, 
67, 2269) it was shown that by treatment with the appropriate alkoxide the halogen atom 
in a-bromocrotonic acid (I; R = Me) could be replaced by an alkoxy-group to give the 
a-alkoxycrotonic acid (II; R=Me). The §-alkoxy-compound (III; R= Me) was also 
formed, probably through the intermediate «-bromo-f-alkoxybutyric acid (IV; R = Me); 
the proportion of this isomer increased as the higher alkoxides were used, indicating that the 
addition of alkoxide to the double bond is less affected by increasing size of the entering group 
than is the substitution reaction. In Part II (Owen and Somade, J., 1947, 1030), similar 
reactions were carried out on «-bromoacrylic acid (I; R = H), and were shown to give the 
f-alkoxy-derivatives (III; R =H), together with the «$-dialkoxypropionic acid (V; R= H), 
both formed through the intermediate «-bromo-f-alkoxypropionic acid (IV; R =H); the 
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a-alkoxy-compounds (II; R = H) were not encountered, because the much greater reactivity 
of the double bond in the acrylic series resulted in addition, rather than direct substitution 
of the halogen atom. 


R-CH:CBr-CO,H —>»  R-CH(OR’)-CHBrCO,H —>  R-CH(OR’)-CH(OR’)-CO,H 
(I.) (IV.) (V.) 
R-CH:C(OR’)-CO,H R-C(OR’):CH-CO,H 
(II.) (III.) 


These experiments have now been extended to a-bromo-$8-dimethylacrylic acid (VI), since 
the presence of the additional methy] group in the 8-position was expected to reduce the tendency 
towards addition at the double bond. The formation of a-bromo-f-alkoxy- or «$-dialkoxy- 
isovaleric acids was thus unlikely (no f-alkoxy-olefinic acid, is, of course, possible), and it was 
thought that the product would be the «-alkoxy-$$-dimethylacrylic acid. When the bromo- 
acid was refluxed with potassium hydroxide in methanol, an unsaturated oil was formed, 
analysis of which suggested that it was the expected ere Sagem (VII). This was 


Me 
-C(OMe)-CO,H ——> H-CO-CO,H 


M 
M eee (VII.) (IX.) 
oOo on™ 


(VI.) H,C Me 
Mee HOME) COs _ ee CH (OMe)-CO.H 


(X.) (VIII) 


supported by the observation that on hydrogenation it took up the theoretical amount of 
hydrogen to give «-methoxyisovaleric acid (VIII) (p-phenylphenacyl ester), identical with a 
sample synthesised from «-bromoisovaleric acid. Its light absorption, however, was anomalous ; 
although it showed the expected maximum, at 2290 a., the intensity (¢ 3500) waslow. Further- 
more, when it was warmed with dilute sulphuric acid only a small yield of «-ketoisovaleric acid 
(IX) was obtained, most of the material being recovered unchanged, and unaffected by further 
treatment with dilute sulphuric acid; it then showed no light absorption in the ultra-violet. 

The most likely explanation of these observations appeared to be that the product consisted 
largely of a-methoxy-$-methylenebutyric acid (X), which, although giving the same hydro- 
genation product (VIII), would differ from the «$-unsaturated isomer (VII) in showing no 
absorption band at 2290 a., and being stable to acid hydrolysis. This was readily confirmed 
by the production of formaldehyde on ozonolysis. After being kept for several weeks, the 
remainder of the original reaction product deposited a small amount of crystalline material ; 
this proved to be the pure «8-isomer, a-methoxy-BB-dimethylacrylic acid (VII), m. p. 70°, which 
showed normal light absorption (Amax, 2290 a., ¢ 10,000) and gave a-ketoisovaleric acid (IX) with 
dilute sulphuric acid. 

Similar results were obtained when a-bromo-f$-dimethylacrylic acid was treated with 
sodium ethoxide. The unsaturated product, which on hydrogenation gave a-ethoryisovaleric 
acid, was again a mixture. It deposited a small amount of a-ethoxry-BB-dimethylacrylic acid, 
but consisted mainly of «-ethoxy-B-methylenebutyric acid, which was purified by treatment with 
dilute sulphuric acid. 

The only published instance of isomeric change in a simple «-substituted 66-dimethylacrylic 
acid is recorded by Bouveault and Wahl (Bull. Soc. chim., 1901, 25, 801, 814, 918) who found 
that ethyl «-nitro-88-dimethylacrylate (XI) was isomerised by alkali to a compound to which 


we c:c(NO,)-CO “Soar NO,)-CO,Et eA. .CHMe-CO,H cc -CO,H 

: ° . “CMe 

we NOD COE m (NO,)-CO,E Me Hes a . 
(XI.) (XII) (XIII.) (XIV.) 


they assigned the formula (XII). One example is also known of the reverse change; Kon and 
Speight (J., 1926, 2727) observed that the acid (XIII) on being heated with alkali was largely 
converted into the a$-unsaturated isomer (XIV). 

In their extended studies of the equilibria of «B- and By-unsaturated acids, Kon and Linstead 
(J., 1925, 127, 616) have shown that 88-dimethylacrylic acid cannot be isomerised by alkali 
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into B-methylenebutyric acid, and the isomerisation to the By-form now observed in the reactions 
of a-bromo-ff-dimethylacrylic acid with alkoxides appears at first sight to indicate that an 
alkoxy-group in the «-position facilitates the a8 ——-> By transformation; alternatively, however, 
the isomerisation may occur within the bromo-acid, before substitution takes place. The 
yields of crystalline a-methoxy- and «-ethoxy-$f-dimethylacrylic acids were unfortunately too 
small for a satisfactory investigation to be made of their behaviour towards alkali, but it may 


be possible later to present further experimental evidence, and to discuss the mechanism of the 
isomerisation in more detail. 


Murfitt and Roberts (J., 1944, 371), by the action of dimethylamine or piperidine on ethyl 
a-bromo-$$-dimethylacrylate, have obtained products which they describe as ethyl a-dimethyl- 
amino- and ethyl «-piperidino-88-dimethylacrylate, respectively, although the structures were 
not proved. It is possible, in view of the present results, that these compounds were actually 
the Py-unsaturated isomers. 

EXPERIMENTAL. 

a-Bromo-ff-dimethylacrylic acid was — from f-dimethylacrylic acid, via af-dibromoiso- 
valeric acid, by the method of Staudinger and Ott (Ber., 1911, 44, 1635). 

Action of Methanolic Potassium Hydroxide on a-Bromo-BB-dimethylacrylic Acid.—The acid (18 g.), 
dissolved in methanol (10 c.c.), was treated with potassium hydroxide in methanol (70 c.c., 3-76N) 
and refluxed for 12 hours. The solution was then neutrdlised to phenolphthalein with aqueous N-hydro- 
chloric acid, concentrated under reduced pressure to remove the alcohol, and finally acidified at 0° 
with concentrated hydrochloric acid (10 c.c.) and rapidly extracted with ether. Evaporation of the 
dried (CaCl,) extracts, followed by distillation of the residue, gave an unsaturated oil (8-4 g.), b. p. 
114—116°/15 mm., n}§° 1-4520; light absorption : Amax, 2290 a., « 3500 (Found: equiv., 130-5. Calc. 
for C,H,,Q;: equiv., 130-1). 

Hydrogenation. A portion (2-0 g.) of the oil, in water (30 c.c.), was shaken with hydrogen at ordinary 
temperature and pressure in the presence of a 10% palladium-charcoal catalyst (0-3 g.). Absorption 
of hydrogen (0-96 mol.) was complete after 5 hours, and the product on distillation furnished a-methoxy- 
isovaleric acid (1-3 g.), b. p. 104°/16 mm., n}5° 1-4290 (Found: C, 54-5; H, 9-3. C,H,,0, requires C, 
54:5; H, 9-2%), which gave a p-phenylphenacyl ester, crystallising from ethanol in plates (Found: 
C, 73-3; H, 6-6. Cy9H..O, requires C, 73-6; H, 6-8%). This derivative had an initial m. p. 58°, but: 
immediately after re-solidification it had m. p. 63°; after standing for a few hours, however, the original 
m. p. 58° was again shown. This cycle could be repeated several times with the same melting-point 
specimen. The derivative of the synthetic acid (see below) behaved in the same way. 

Acid hydrolysis. Another portion (2-2 g.) of the oil, in 2N-sulphuric acid (3 c.c.), was heated on the 
steam-bath for 8 hours. The solution was extracted thrice with ether, and the extracts were washed 
once with water and then dried (CaCl,) and distilled to give (i) 0-1 g., b. p. 75—115°/15 mm., m}5° 1-4340; 
and (ii) 1-7 g., b. p. 115—116°/15 mm., m}5° 1-4500. Fraction (i) was mainly a-ketoisovaleric acid; it 
gave the 2: 4-dinitrophenylhydrazone, yellow needles from methanol, m. p. 194° (lit. 195°) (Found : 
C, 45-0; H, 4-1. Calc. for C,,H,,0,N,: C, 44-6; H, 4:1%). Fraction (ii) was a-methoxy-B-methylene- 
butyric acid, which showed no light-absorption maximum in the ultra-violet and was recovered unchanged 
(b. p. 113°/15 mm., n}5° 1-4502) after further treatment with 2Nn-sulphuric acid (Found : C, 55-3; H, 7-7. 
C,H,,O, requires C, 55-35; H, 7-75%); it gave a p-phenylphenacyl ester, needles from methanol, m. p. 
61° (Found : C, 740; H, 6-2. C,.H,.O, riot C, 74-0; H, 6-2%). 

Ozonisation. A third portion (1-0 g.) of the oil was ozonised in carbon tetrachloride (15 c.c.), the 
issuing gases being # ye through water. After completion of the reaction (2 hours), addition of 
dimedon reagent to the wash water gave a copious precipitate of the formaldehyde derivative, m. p. 190°. 
Removal of the carbon tetrachloride gave an oily residue which evolved more formaldehyde on being 
boiled with water; evaporation of this solution to ess gave a small residue (30 mg.) of oxalic acid, 
indicating the presence of the af-isomer in the original oil 

Synthesis of a-Methoxyisovaleric Acid.—a-Bromoisovaleric acid (2-5 g.) was refluxed with 
3n-methanolic sodium methoxide (20 c.c.) for 6 hours. Water (40 c.c.) was then added, the alcohol 
distilled off under reduced pressure, and the solution strongly acidified with hydrochloric acid. Ether 
extraction gave a semi-solid, product, from which £8-dimethylacrylic acid (1-2 g.), m. p. and mixed m. p. 
70°, was separated. The oily residue was then freed from any remaining unsaturated acid by treatment 
in sodium carbonate solution at 10° with excess of 2% potassium permanganate solution. After the 
solution had been cleared with sulphur dioxide, it was made alkaline with sodium carbonate, concentrated 
to small bulk, acidified’ with sulphuric acid, and extracted with ether to give a-methoxyisovaleric acid 
(0-35 g.), b. p. 100°/12 mm., 2" 1-4240, the p-phenylphenacy] ester of which showed the same two m. p.s, 
58° and 63°, referred to above, unchanged on admixture with the previous derivative. 

a-Methoxy-BB-dimethylacrylic Acid.—The remainder of the original reaction product from a-bromo- 
BB-dimethylacrylic acid and methanolic alkali was found, after 3 weeks, to contain a small amount of 
solid. This a-methoxy-BB-dimethylacrylic acid was collected and dried on porous tile; it recrystallised 
from light petroleum (b. p. 60—80°) in long needles (0-4 g.), m. p. 70° (Found : C, 55-35; H, 7-7. CgH,O, 
requires C, 55-35; H, 7-75%). Light a’ tion : Amax. 2290 a., « 10,000. On treatment with 2 : 4-di- 
nitrophenylhydrazine in dilute sulphuric acid it gave the 2 : 4-dinitrophenylhydrazone of a-ketoisovaleric 
acid, m. p. and mixed m. p. 197°. 

Action of Sodium Ethoxide on a-Bromo-BB-dimethylacrylic Acid.—The acid (18 g.) was refluxed with 
2-5n-ethanolic sodium ethoxide (120 c.c.) for 12 hours and then worked up as for the methoxy-compound. 
The unsaturated product (10-5 g.) had b. p. 114°/14 mm., n}8° 1-4462 (Found: equiv., 144-4. Calc. for 
C,H,,0,: equiv., 144-1). 

Hydrogenation. A portion (2 g.) of the oil was hydrogenated in water (30 c.c.) in the presence of a 
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10% palladium-charcoal catalyst (0-3 g.). Absorption of hydrogen (1-01 mol.) ceased after 4 hours, 
and the resulting a-ethoxyisovaleric acid (1-2 g.) had b. p. 108—109°/16 mm., m}° 1-4255 (Found : 
C, 57-2; H, 9-6. C,H,,0, requires C, 57-5; H, 9-7%). It gave a p-phenylphenacyl ester, crystallising 
from aqueous ethanol in leaflets, m. p. 73° (Found : C, 73-7; H, 6-9. C,,H,,O,requiresC, 74-1; H, 7-1%). 
Acid hydrolysis. A second portion of the oil (2 g.) was treated with 2n-sulphuric acid (3 c.c.) under 
the same conditions as for the methoxy-compounds. Distillation of the product gave a first fraction 
(0-3 g.), b. p. 70—120°/15 mm., 2° 1-4305, consisting mainly of a-ketozsovaleric acid (2 : 4-dinitro- 
henylhydrazone, m. p. 196°); the main fraction (1-4 g.) consisted of a-ethoxy-B-methylenebutyric acid, 
B. p. 120°/15 mm., n}” 1-4470 (Found: C, 57-9; H, 8-5. C,H,,O, requires C, 58-3; H, 8-4%). 
a-Ethoxy-BB-dimethylacrylic Acid.—On standing, the remainder of the oil deposited a solid, which on 
lisation from water gave needles of a-ethoxy-BB-dimethylacrylic acid (0-3 g.), m. p. 55° (Found : 
C, 57-9; H,8-2. C,H ,0, requires C, 58-3; H,8-4%). Lightabsorption : Ams: 2280 4.,¢12,400. With 
2: 4-dinitrophenylhydrazine in dilute sulphuric acid it gave the 2: 4-dinitrophenylhydrazone of 
a-ketoisovaleric acid, m. p. 196°. 


Thanks are due to Dr. E. A. Braude for the light-absorption data. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, April 29th, 1948.] 





58. The Dichlorobutanediols. Part I. The Addition of 
Hypochlorous Acid to Some Chlorobutenols. 


By R. M. Evans and L. N. Owen. 


By the action of hypochlorous acid on 2-chlorobut-3-en-l-ol, 2 : 3-dichlorobutane-1 : 4-diol 
and 2 : 4-dichlorobutane-1 : 3-diol have been synthesised, the latter being isolated through its 
benzylidene derivative. Hypochlorous acid reacts with 4-chlorobut-2-en-l-ol and with 
1-chlorobut-3-en-2-ol to give 3 : 4-dichlorobutane-1 : 2-diol and meso-1 : 4-dichlorobutane-2 : 3- 
diol respectively ; 2 : 4-dichlorobutane-1 : 3-diol, also, is probably formed in both instances. 


1 : 4-DICHLOROBUTANE-2 : 3-DIOL is known both in the meso- and the pi-form. The former, 
erythritol 1 : 4-dichlorohydrin, was prepared by Henniger (Ann. Chim. Phys., 1886, 7, 228) by 
the action of hydrochloric acid on erythritol, whilst the latter, pL-threitol 1 : 4-dichlorohydrin, 
was obtained by Kilmer, Armstrong, Brown, and du Vigneaud (J. Biol. Chem., 1942, 145, 495) 
by oxidation of 1 : 4-dichlorobut-2-ene with potassium permanganate. None of the other three 
possible structural isomers has been described, and since they were of interest as possible starting 
materials for the preparation of dihydroxydithiols (Evans, Fraser, and Owen, this vol., p.. 248) 
their synthesis has been studied. The first method of approach involved the investigation of 
the addition of hypochlorous acid to the three isomeric chlorobutenols (I), (II), and (III), since 
the four structurally isomeric dichlorobutanediols could theoretically be formed thereby. 


H, 
CH,CH,CH,-CH,OH <—— CH,CI-CH:CH‘CHyOH —> CH,CI-CHCI-CH(OH)-CH,OH 
(I.) (IV.) 


CH,Cl-CH(OH)-CH,-CH, | CH,-CH,-CH,-CH,-OH 


fs fs 


CH,Cl-CH(OH)-CH:CH, —> CH,Cl-CH(OH)-CHCI-CH,OH <— CH,(OH)-CHCI-CH:CH, 
(II.) (V.) (III.) 


| 


CH,Cl-CH(OH)-CH(OH)-CH,Cl sey WAR Ip CH,(OH)-CHCI-CHCI-CH,OH 
L.) 


(VI.) 
por 4 
(VIII.) 


4-Chlorobut-2-en-1l-ol (I) and 1-chlorobut-3-en-2-ol (II) are both formed by the addition of 
hypochlorous acid to butadiene, by the use of either calcium hypochlorite at 0° (Kadesch, 
J. Amer. Chem. Soc., 1946, 68, 46) or chlorourea at —12° (Petrov, J. Gen. Chem. Russia, 1938, 
8, 131). The former method is stated to give a 50% yield of (II) and 19% of (1), and-is carried 
out at rather high dilution, whilst the latter method appears to give only a very small amount 
of (I). It has been shown by Hanby and Rydon (J., 1946, 114) that tert.-butyl hypochlorite 
can be used in relatively high concentration for the addition of hypochlorous acid to styrene, 
and by applying this method to butadiene we have obtained an improved yield (24%) of (I), 
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together with 36% of (II). 2-Chlorobut-3-en-1l-ol (III) was prepared by reaction of butadiene 
monoxide with hydrochloric acid (cf. Petrov, J. Gen. Chem. Russia, 1941, 11, 991; Kadesch, 
J. Amer. Chem. Soc., 1946, 68, 41). The structures of these chlorobutenols (characterised as their 
a-naphthylurethanes) were confirmed by hydrogenation over Raney nickel, whereby both (I) and 
(III) gave n-butanol, whilst (II) gave 1-chlorobutan-2-ol, the halogen in which was unexpectedly | 
resistant towards hydrogenolysis. 

It is clear from the scheme shown that each of the compounds (I), (II), and (III), by the 
action of hypochlorous acid, can give two structurally isomeric dichlorobutanediols, in which the 
chlorine atoms occupy, from (I), positions 3 : 4- and 2: 4-; from (II), positions 2 : 4- and 1: 4-; 
and from (III), positions 2:4- and 2:3-. Each product, furthermore, can exist in two 
stereoisomeric forms, so that, in all, four isomers are possible from each reaction; the low 
yields of crystalline material obtained in some of these reactions can be ascribed to this factor. 

From the action of hypochlorous acid, derived from #ert.-butyl hypochlorite, on (I), a solid 
of m. p. 69° was obtained, which reacted with one mol. of sodium metaperiodate with liberation 
of formaldehyde (cf. Jackson and Hudson, J. Amer. Chem. Soc., 1939, 61, 1530), indicating the 
existence of a terminal vicinal pair of hydroxyl groups, and was therefore 3 : 4-dichlorobutane- 
1: 2-diol (IV). The liquid portion of the reaction product consumed only 0°2 mol. of sodium 
metaperiodate, and probably contained the 2 : 4-dichloro-isomer (V). 

1-Chlorobut-3-en-2-ol (II) with hypochlorous acid gave a product from which a small amount 
of meso-1 : 4-dichlorobutane-2 : 3-diol (VI) was isolated, its structure being confirmed by 
quantitative reaction with sodium metaperiodate. The liquid portion, from its behaviour 
towards this reagent, again appeared to contain some of the 2 : 4-dichloro-isomer (V). 

From the reaction product of 2-chlorobut-3-en-1l-ol with hypochlorous acid, 2 : 3-dichloro- 
butane-1 : 4-diol (VII) (diacetate) was obtained, the structure of which was confirmed by 
hydrogenolysis to butane-1 : 4-diol. No further solid material could be isolated, and since 
periodate titration again indicated the presence of the 2 : 4-dichloro-isomer it was decided to 
attempt the isolation of the latter by reaction with benzaldehyde; it was expected that any 
remaining 1: 4-diol would be unaffected, whilst the 2: 4-dichloro-compound should form a 
cyclic acetal. This proved to be the case, and by fractional distillation of the condensation 
product it was possible to isolate the benzylidene compound (VIII). This was hydrolysed with 
aqueous-alcoholic hydrochloric acid to give an oil which partly crystallised and furnished 
2 : 4-dichlorobutane-1 : 3-diol (V), which was stable towards periodate. It is not possible at 
‘present to-say whether this substance has the erythro- or the threo-configuration, and the same 
uncertainty applies also to the isomers (IV) and (VII); although (VII), for reasons discussed in 
Part II (following paper), is likely to be the erythro- (i.e., meso-) form. 


EXPERIMENTAL. 


2-Chlorobut-3-en-l-ol, b. p. 67—69°/29 mm., 2%" 1-4635, was prepared from butadiene monoxide by 
the method of Kadesch (loc. cit.). The a-naphthylurethane crystallised from light petroleum (b. p. 
60—80°) in needles, m. p. 81° (Found: C, 65-3; H, 5-1. C,;H,,O,NCI requires C, 65-3; H, 5-1%). 

Addition of Hypochlorous Acid to Butadiene.—A solution of butadiene (50 g.) in chloroform (100 c.c.) 
was suspended in a solution of acetic acid (50 c.c.) in water (500 c.c.) contained in a three-necked flask, 
fitted with tap funnel, mercury-sealed stirrer, and reflux condenser (cooled with alcohol-solid carbon 
dioxide). The flask was. cooled in a freezing mixture, so that the contents were kept at ca. 0° while 
tert.-butyl hypochlorite (50 g., crude) was added during 1-5 hours (cf. Hanby and Rydon, Joc. cit.). 
After being stirred at 0° for a further hour, the mixture was neutralised with sodium hydrogen carbonate, 
and the chloroform layer removed. The aqueous portion was extracted again with chloroform, and the 
combined extracts, after being dried (Na,SO,), were evaporated to an oil which on fractional distillation 
through a 12-inch Fenske column gave 1-chlorobut-3-en-2-ol (18 g.), b. p. 64°/30 mm., m}®° 1-4652, 
the a-naphthylurethane of which crystallised from light petroleum (b. p. 60—80°) in micro-needles, m. p. 
91—92° (Found: C, 65-4; H, 5-2. C,,;H,,O,NCl requires C, 65-3; H, 51%). A higher-boiling 
fraction (12 g.), b. p. 66—68°/2 mm., nis? 1-4832, consisted of 4-chlorobut-2-en-l-ol, giving an 
a-naphthylurethane, m. p. 94° (Kadesch, J. Amer. Chem. Soc., 1946, 68, 41, gives m. p. 88—90°). 

Hydrogenation of the Chlorobutenols.—(a) 2-Chlorobut-3-en-1l-ol (2-5 g.) dissolved in methanol (30 c.c.) 
containing anhydrous potassium acetate (2-0 g.) was hydrogenated over Raney nickel at ordinary 
temperature and pressure. Absorption of hydrogen (2 mols.) was complete in 3 hours, and after removal 
of catalyst the methanol was distilled off through a 6-inch Vigreux column. The residue was dissolved 
in saturated ammonium sulphate solution (50 c.c.) and extracted with ether, the extracts then being 
dried (Na,SO,) and evaporated, to yield n-butanol (1-2 g.), b. p. 114—122°, n$}* 1-3945, characterised as 
the a-naphthylurethane, m. p. and mixed m. p. 70°. 

(b) 1-Chlorobut-3-en-2-ol (2-7 g.), under similar conditions took up only 1-1 mols. of hydrogen, and 
gave 1-chlorobutan-2-ol (1-9 g.), b. p. 140—144°, n?° 1-4400. This was identified by oxidation in 
acetone solution with chromic acid, under the usual conditions, to chloromethyl ethyl ketone (1-6 g.), 
b. p. 135—138°, n}§° 1-4342, which gave a semicarbazone, m. p. 123° (lit., 121°), and a phenylhydrazone, 
m. p. 214° (decomp.) (lit., decomp. 210—215°). 

(c) 4-Chlorobut-2-en-1l-ol (2-2 g.) under similar conditions absorbed 2 mols. of hydrogen, and gave 
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n-butanol (1-0 g.), b. p. 110—125°, »?° 1-3995, characterised as the a-naphthylurethane, m. p. 69°, 
undepressed on admixture with an authentic sample of m. p. 70°. 

Addition of Hypochlorous Acid to 4-Chlorobut-2-en-1-ol.—The olefin (45 g.) was suspended in a mixture 
of acetic acid (50 c.c.) and water (500 c.c.), and vigorously stirred while ¢evt.-butyl hypochlorite (55 g.) 
was gradually added during one hour, the temperature being kept below 15°. After being stirred for a 
further 2 hours, the solution was neutralised with sodium hydrogen carbonate, and then saturated with 
ammonium sulphate and extracted with ether. Removal of ether from the dried (Na,SO,) extracts gave 
a viscous liquid which distilled at 115—130°/6 mm., and partly solidified on standing. The solid 
(20-6 g.) on recrystallisation from ethyl acetate-light petroleum (b. p. 40—60°) gave colourless nlates of 
3 : 4-dichlorobutane-1 : 2-diol, m. p. 69° (Found: Cl, 44-7. C,H,O,Cl, requires Cl, 44-6%). A portion 
of this compound, on treatment with aqueous m/16-sodium metaperiodate, took up 0-92 mol. of the 
reagent (constant value in 40 hours) and gave formaldehyde, identified as the dimedone derivative, 
m. p. 188°, by aeration of the final solution and passage of the gases through dimedone reagent. The 
liquid portion (10-5 g.) of the distilled material was found by periodate titration to contain a further 
2-5 g. of the vicinal diol, and although its chlorine content (Found : 50-0%) suggested the presence of a 
little trichlorobutanol (Calc. for C,H,OCI, : Cl, 60-0%), the low periodate titre is probably explicable on 
the — of the occurrence, in the remaining 8 g., of a considerable proportion of the 2 : 4-dichloro- 
1 : 3-diol. ° 

Addition of Hypochlorous Acid to 1-Chlorobut-3-en-2-ol.—The olefin (75 g.), acetic acid (100 c.c.), and 
water (750 c.c.) were treated as above with éert.-butyl hypochlorite (90 g.). The product was distilled 
and collected in six fractions between 100° and 130°/8 mm., n}§° 1-5012—1-4960, there being no sharp 
separation. On standing, all the fractions deposited a small quantity of solid. This was collected 
(5-5 g.) and recrystallised from methanol to give cubes of 1 : 4-dichlorobutane-2 : 3-diol, m. p. 126°, a 

rtion of which reacted with 1-0 mol. of sodium metaperiodate (constant value in 40 hours). The oil 
56 g.) remaining after removal of the solid was found by periodate titration to contain only a further 
8-4 g. of the vicinal diol (including its stereoisomer, which may also have been present); its chlorine 
content (Found: 44-3. Calc. for C,H,O,Cl,: Cl, 44-6%) indicated that it probably consisted largely 
of the 1 : 3-isomer. 

Addition of Hypochlorous Acid to 2-Chlorobut-3-en-1-ol.—The olefin (150 g.), suspended in water 
(1000 c.c.) containing acetic acid (150 c.c.), was treated as above with /ert.-butyl hypochlorite (170 g.). 
The product distilled as a colourless oil, b. p. 120—140°/4 mm., which partly solidified on, standing. 
Recrystallisation of the solid from methanol gave needles (27 g.) of 2 : 3-dichlorobutane-1 : 4-diol, m. p. 
119° (Found: C, 30-5; H, 5-2. C,H,O,Cl, requires C, 30-2; H, 5-1%). The diacetate, prepared by 
heating 12 g. with acetic anhydride (45 c.c.) and concentrated hydrochloric acid (4-5 c.c.) for 2 hours at 
95°, and precipitation in water, crystallised from methanol in small prisms (18 g.), m. p. 72° (Found : 
C, 39-6; H, 5-1. C,H,,0,Cl, requires C, 39-5; H, 5-0%). Hydrogenation of the dichloro-diol (2-5 g.) in 
methanol (20 c.c.) containing potassium acetate (3-5 g.) proceeded slowly in the presence of Raney 
nickel, 1-8 mols. of hydrogen being absorbed in 2 days. The product, on distillation, furnished butane- 


1 : 4-diol (0-6 g.), characterised as the Ao cg m. p. 183° (lit., 183°). 


The syrup (85 g.), remaining after collection of the solid dichloro-diol, was heated with benzaldehyde 
(100 g.) for 2 hours at 90°/80 mm., a slow stream of dry hydrogen chloride being passed in through a 
capillary inlet, whilst water was allowed to distil. After cooling, the mixture was diluted with ether 
(400 c.c.), washed with aqueous sodium carbonate, dried (K,CO,), and evaporated to an oil, which on 
distillation gave two main fractions: (i) 28-0 g., b. p. 117—130°/1 mm., mn} 1-5180; and (ii) 44-0 g., 
b. p. 135—137°/0-5 mm., n}§° 1-5470. (i) was mainly unreacted dichloro-diol (Found: Cl, 40-2. Cale. 
for C,H,O,Cl,: Cl, 446%), whilst (ii) was the benzylidene compound of 2 : 4-dichlorobutane-1 : 3-diol 
(Found : Cl, 29-2. C,,H,,0,Cl, requires Cl, 28-7%). 

The benzylidene compound (35 g.) in 50% aqueous alcohol (500 c.c.) and concentrated hydrochloric 
acid (2 c.c.) was heated at 80° for an hour, and then neutralised with potassium carbonate and evaporated 
to dryness. The residue was extracted with ether to give an oil (8-6 g.), b. p. 98°/0-1 mm., 2%" 1-5065, 
which solidified, and on crystallisation from ethyl acetate—light petroleum (b. e. 40—60°) gave colourless 
plates of 2 : 4-dichlorobutane-1 : 3-diol, m. p. 62° (Found: C, 30-5; H, 5-1. H,0O,Cl, requires C, 30-2; 
H, 5-1%), which was stable towards sodium metaperiodate under the usual conditions. It formed a 
liquid diacetate, b. p. 153°/18 mm., n}?*° 1-4605 (Found: C, 40-0; H, 5-0. C,H,,0,Cl, requires C, 39-5; 
H, 5-0%). 


Thanks are due to the Medical Research Council for a grant. 
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59. The Dichlorobutanediols. -Part II. 
By L. N. Owen. 


Addition of chlorine to trans-1 : 4-diacetoxybut-2-ene and to 1 : 2-diacetoxybut-3-ene gives 
meso-2 : 3-dichloro-1 : 4-diacetoxybutane and 3: 4-dichloro-1 : 2-diacetoxybutane respectively, 
the latter being a mixture of stereoisomers. Hydroxylation of trans-1 : 4-dichlorobut-2-ene 
with potassium permanganate gives DL-1 : 4-dichlorobutane-2 : 3-diol, whilst with performic 
acid the meso-isomer is obtained. Hydroxylation of 1 : 2-dichlorobut-3-ene with either reagent 
gives a mixture of stereoisomeric 3 : 4-dichlorobutane-1 : 2-diols, one of which is isolated as a 
solid. meso-1 : 4-Dibromobutane-2 : 3-diol is conveniently obtained by hydroxylation of 
trans-1 : 4-dibromobut-2-ene with performic acid. 

B 


! 
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In Part I (previous paper) it was shown that each of the four structurally isomeric dichloro- 
butanediols could be obtained by the reaction of hypochlorous acid with an appropriate 
chlorobutenol. Alternative methods of approach to three of these compounds have now been 
investigated; they involve addition of chlorine to a diacetoxybutene, and hydroxylation of a 
dichlorobutene. 

1 : 4-Diacetoxybut-2-ene, which, as usually prepared from 1 : 4-dibromobut-2-ene, is the 
tvans-compound (I), is known to give on treatment with bromine a 2 : 3-dibromo-] : 4-diacetoxy- 
butane to which the meso-configuration has been assigned, since on reaction with silver acetate 
it gives erythrityl tetra-acetate (Griner, Bull. Soc. chim., 1893, 9, 219). By a similar reaction 
with chlorine, a crystalline 2: 3-dichloro-1 : 4-diacetoxybutane has now been obtained, 
identical with that described in Part I; from analogy with the dibromo-compound it presumably 
has the erythritol configuration (II), which would also be expected on the basis of a tvans-addition 
of halogen to the tvans-olefin. 

In the addition of chlorine to 1 : 2-diacetoxybut-3-ene (III) two stereoisomeric products are 
possible, since the question of cis- or trans-addition of halogen does not arise. A liquid 3 : 4-di- 
chlovo-1 : 2-diacetoxybutane (IV) was obtained, which on deacetylation yielded the same 3 : 4-di- 
chlorobutane-1 : 2-diol (V) as that described in Part I, together with a liquid portion which 
presumably contained the stereoisomer. 

The oxidation of trans-1 : 4-dichlorobut-2-ene (VI) with potassium permanganate has been 
reported by Kilmer, Armstrong, Brown, and du Vigneaud (J. Biol. Chem., 1942, 145, 495) to 
give a 35% yield of pt-1: 4-dichlorobutane-2: 3-diol (VII). By carrying out this cis- 
hydroxylation under rather milder conditions, it has now been possible to raise this yield to 
59% (diacetate). Furthermore, when the hydroxylation was carried out by the performic acid 
method (cf. Swern, Billen, and Scanlan, J. Amer. Chem. Soc., 1946, 68, 1505), which results in 
tvans-addijtion, meso-1 : 4-dichlorobutane-2 : 3-diol (VIII) was obtained (diacetate). 


H,OAc CH, H,Cl H,Cl 
AcO-CH, CH oe H—-C—Cl H HCl HCl 
H-C-CH,OAc > wea H-OAc > ty-oac ~ &n-on 
H,OAc CH,-OAc H,OAc H,-OH 
(I.) (II.) (III.) ; (V.) 


H,Cl H,Cl 
FT CH,Cl—C—H : HCl 
—OH H—C—CH,Cl H 
H Cl H, 


(VII.) (VI.) (IX.) 


In the hydroxylation of 1 : 2-dichlorobut-3-ene (IX), the possibility of cis- or trans-addition 
to the olefinic linkage is ruled out, and two stereoisomeric products are thus possible from the 
use of either reagent. This has proved to be the case, since with either potassium permanganate 
or performic acid a semi-solid product was obtained, the solid portion of which proved in both 
instances to be the same 3: 4-dichlorobutane-1 : 2-diol (V) as that already prepared by the 
other route. The liquid portion was shown by reaction with sodium metaperiodate to consist 
essentially of a vicinal diol, and therefore must have contained the stereoisomer, but no 
crystalline derivatives could be obtained. 

In view of the successful oxidation of trans-1 : 4-dichlorobut-2-ene with performic acid, the 
oxidation of trans-1 : 4-dibromobut-2-ene with this reagent was investigated. It was found to 
take place less smoothly than with the dichloro-compound, to give meso-1 : 4-dibromobutane- 
2: 3-diol, in rather poor yield. This method is nevertheless more convenient than that 
described in the literature, which involves the treatment of erythritol with hydrogen bromide 
(Champion, Z. Chem., 1871, 348). 

EXPERIMENTAL. 

1 : 4-Diacetoxybut-2-ene was prepared from butadiene, via the mixed dibromides, as described by 
Prévost (Ann. Chim., 1928, 10, 407). 1 : 2-Diacetoxybut-3-ene was prepared from butadiene monoxide 
(Evans, Fraser, and Owen, this vol., p. 248). 

Details of the preparation of 1 : 2-dichlorobut-3-ene and 1 : 4-dichlorobut-2-ene as given in the 
literature are somewhat incomplete (cf. Muskat and Northrup, J. Amer. Chem. Soc., 1930, 52, 4043; 
Petrov and Sopov, J. Gen. Chem. Russia, 1945, 15, 981). The following procedure has been found 
satisfactory. To a cooled, stirred solution of butadiene (180 g.) in dry carbon tetrachloride (350 c.c.), 
a deficiency of chlorine (150 g.) dissolved in the same solvent (750 c.c.) was gradually added during 
45 minutes, the temperature being kept below —5° by external cooling (solid carbon dioxide in alcohol). 
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After removal of most of the solvent, the residue was fractionally distilled at ordinary pressure through 
an 18-inch Fenske column. 1 : 2-Dichlorobut-3-ene (35 g.) was collected at 123°/766 mm.; it had 
n2* 1-4630 (Muskat and Northrup, loc. cit., give b. p. 115°/760 mm., nj?” 1-4550). 1 : 4-Dichlorobut-2-ene 
(70 g.) had b. p. 159°/766 mm., n¥f" 1-4887, and solidified on cooling in ice; it had m. p. 3° (Muskat and 
Northrup, loc. cit., give b. p. ca. 145°/760 mm., nf" 1-4745; Petrov and Sopov, Joc. cit., give n20° 1-4890). 

Addition of Chlorine to 1 : 4-Diacetoxybut-2-ene.—The diacetate (17-5 g.) was dissolved in carbon 
tetrachloride (30 c.c.) and cooled to —20°. A solution of chlorine (7-5 g.) in carbon tetrachloride (55 c.c.) 
was added during 10 minutes, with stirring, the temperature being kept below —10°. After a further 
5 minutes, the slight excess of chlorine was destroyed by shaking with aqueous sodium hydrogen sulphite ; 
the carbon tetrachloride layer was then washed with water, dried (CaCl,), and evaporated to an oil 
which on distillation furnished a main fraction (9 g.), b. p. 85—90°/0-001 mm., which partly solidified. 
The solid (4 g.) was freed from oil on porous tile, and then recrystallised from methanol to give large 
prisms of 2 : 3-dichloro-1 : 4-diacetoxybutane, m. p. and mixed m. p. 72° (cf. Part I). 

Addition of Chlorine to 1 : 2-Diacetoxybut-3-ene.—The diacetate (17-2 g.) was treated with chlorine 
(7-5 g.) under the same conditions as those described above. On distillation, a main fraction (6-3 g.), 
b. p. 82—92°/0-001 mm., n}°° 1-4640, of 3 : 4-dichloro-1 : 2-diacetoxybutane was obtained (Found: Cl, 
28-7. Cg H,,0,Cl, requires Cl, 29-2%). A portion of this (3-7 g.) was refluxed in N-methanolic hydrogen 
chloride (20 c.c.) for 2 hours; after neutralisation with silver carbonate, the filtered solution was 
evaporated to an oil, which distilled at 90—105°/0-01 mm. (yield, 1-6 g.), and partly crystallised. The 
solid 3 : 4-dichlorobutane-1 : 2-diol, freed from oil on porous tile, crystallised from chloroform-carbon 
tetrachloride in leaflets (0-4 g.), m. p. and mixed m. p. 69°. 

Oxidation of 1: 4-Dichlorobut-2-ene.—(a) With potassium permanganate. The dichloro-compound 
(20 g.) was dissolved in ethanol (300 c.c.) and kept at —15° during the gradual addition of a solution of 
potassium permanganate (20 g.) and magnesium sulphate (15 g., anhydrous) in water (400 c.c.). Sodium 
hydrogen sulphite (30 g.) dissolved in water was then added, followed by sufficient 4N-sulphuric acid to 
make the clear solution acid to Congo-red. The solution was then concentrated under reduced pressure 
to ca. 150 c.c. and extracted thrice with ether. Evaporation of the dried (Na,SO,) extracts gave a solid 
residue (15 g.) of DL-1 : 4-dichlorobutane-2 : 3-diol, which crystallised from benzene-light petroleum 
(b. p. 40—60°) in tufts of needles (12-5 g.), m. p. 62°. A portion of this (5 g.) was heated on 
the steam-bath for 3 hours with acetic anhydride (25 c.c.) and concentrated hydrochloric acid (1 c.c.) ; 
after removal of solvent under reduced pressure the residue was stirred with water (50 c.c.), and yielded 
a white solid (7-4 g.) which on recrystallisation from methanol gave large prisms of pDL-1 : 4-dichloro- 
2 : 3-diacetoxybutane (6-5 g.), m. p. 76° (Found : C, 40-0; H, 5-4. C,H,,0,Cl, requires C, 39-5; H, 5-0%). 

(b) With performic acid. The dichloro-compound (12 g.) was suspended in pure formic acid (50 c.c.) 
containing 25% aqueous hydrogen peroxide (15 c.c.) and kept at 45° with frequent agitation. The 
mixture became homogeneous after 1 hour, and after being kept at 45° overnight gave no reaction with 
starch-iodide paper. The solution was then diluted with water (50 c.c.), heated on the steam-bath for 
10 minutes, and evaporated to dryness under reduced pressure. The solid residue (7-5 g.) was recrystal- 
lised from a small amount of hot water to give cubes of meso-1 : 4-dichlorobutane-2 : 3-diol (5-5 g.), 
m. p. 127°. A portion (5 g.) of this was acetylated under the conditions described above for 
the stereoisomer, and gave meso-] : 4-dichloro-2 : 3-diacetoxybutane (7-5 g.), which crystallised from 
Hn 50%) in prismatic clusters, m. p. 117° (Found: C, 39-8; H, 5-2. C,H,,0,Cl, requires C, 39-5; 
H, 5-0%). 

Oxidation of 1 : 2-Dichlorobut-3-ene.—(a) With potassium permanganate. The dichloro-compound 
(12 g.) was dissolved in ethanol (180 c.c.) and treated at —15° with a solution of potassium permanganate 
(12 g.) and magnesium sulphate (10 g.) in water (250 c.c.), by the method already described. After 
working up in the same way, evaporation of the ethereal extracts gave a semi-solid product (8-5 g.) 
from which the solid material (4-1 g.) was separated on porous tile. Recrystallisation from chloroform- 
carbon tetrachloride gave plates of 3 : 4-dichlorobutane-1 : 2-diol, m. p. and mixed m. p. 69°. A portion 
of the liquid material, on quantitative oxidation with aqueous sodium metaperiodate, consumed 0-96 
mol. of the reagent (constant value after 24 hours). 

(b) With performic acid. The dichloro-compound “(12 g.) was treated under conditions identical 
with those described above for the 1 : 4-dichlorobut-2-ene. The solution became homogeneous after 
2 hours, and after being kept overnight at 45° it was worked up in the same way to yield an oil, which 
distilled at 112°/0°5 mm. The distillate (8-1 g.) deposited 2-0 g. of crystals, which on recrystallisation 
from chloroform-carbon tetrachloride gave 3 : 4-dichlorobutane-1l : 2-diol (1-6 g.), m. p. and mixed 
m. p. 69°. The liquid portion consumed 0-97 mol. of sodium metaperiodate (constant value after 24 hours). 

1 : 4-Dibromobut-2-ene.—To a stirred solution of butadiene as g.) in carbon tetrachloride (500 c.c.), 
kept at —20°, a solution of bromine (26 c.c.) in carbon tetrachloride (200 c.c.) was added during 45 
minutes. Removal of solvent and crystallisation of the residue from light petroleum (b. p. 40—60°) 
gave 1 : 4-dibromobut-2-ene (72 g.), m. p. 54°. 

Oxidation of 1 : 4-Dibromobut-2-ene with Performic Acid.—The dibromide (30 g.) was suspended in 
pure formic acid (120 c.c.) containing 25% aqueous hydrogen peroxide (25 c.c.) and kept at 45° with 
frequent shaking. After 6 hours a homogeneous solution was obtained, which was kept at 45° overnight. 
The peroxide-free solution was diluted with an equal volume of water, heated on the steam-bath for 
30 minutes, and then evaporated under reduced pressure to an oil which partly crystallised. The solid 
meso-1 : 4-dibromobutane-2 : 3-diol (4:1 g.), after being washed with benzene, had m. p. 134°; on 
acetylation it gave the diacetate, which crystallised from methanol in large prisms, m. p. 137°. The 
oily portion of the product on distillation furnished two main fractions, (i) 2-8 g., b. p. 80—85°/0-003 mm., 
and (ii) 2-4 g., b. p. 90—95°/0-003 mm., which were not further investigated. 
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60. Dithiols. Part II. 2:3-Dimercaptopropyl Ethers of Glycerol and 
of Glycollic Acid, with some Further Observations on “ BAL-Intrav.” 


By R. M. Evans and L. N. Owen. 


The preparation of crystalline hexa-acetyl B-(2’ : 3’-dimercaptopropyl)glucoside, and of the 
liquid a-isomer, is described. The a- and -2 : 3-dimercaptopropyl ethers of glycerol, and the 
2: 3-dimercaptopropyl ether of glycollic acid have been synthesised via the corresponding allyl 
ethers. An attempt to prepare y$-dimercaptovaleric acid resulted in the formation of the 
y-S-lactone of this substance. 


Durinc the earlier part of the recent war, the investigations of a group of workers at Oxford 
led to the development of 2: 3-dimercaptopropanol (British Anti-Lewisite; ‘‘ BAL’) as an 
effective antidote for arsenical poisoning (Stocken and Thompson, Biochem. J., 1946, 40, 535; 
Stocken, J., 1947, 592); more recently it has been found effective also in cases of poisoning by 
mercury, cadmium, and gold (see, inter al., J. Pharmacol., 1946, 87, 85, 102, 119; Science, 1946, 
104, 220; J. Amer. Med. Assoc., 1947, 183, 749). When admistered internally, however, BAL 
itself is somewhat toxic, and in 1943 Dr. J. F. Danielli, then of the Department of Biochemistry, 
University of Cambridge, pointed out that water-soluble derivatives of BAL, containing the 
1 : 2-dithiol structure with several additional polar groups, would be expected to show diminished 
toxicity, whilst retaining the anti-arsenical activity of the parent compound. The £-glucoside 
(‘‘ BAL-Intrav ’’) was accordingly synthesised by one of us in the form of its barium salt (I), 
and when tested biologically it proved to be highly effective and of extremely low toxicity 
(Danielli, Danielli, Fraser, Mitchell, Owen, and Shaw, Biochem. J., 1947, 41, 325).* 


—T 


’ 


At that time the intermediate hexa-acetate (II) of BAL-Intrav was obtained only 
as a syrup, by the action of potassium thiolacetate on 2:3: 4: 6-tetra-acetyl B-(2’ : 3’-di- 
bromopropy]l)glucoside, but a more recent preparation partly crystallised, and it was possible, 
by recrystallisation from ethanol, to obtain analytically pure 2:3:4:6: 2’: 3’-hexa-acetyl 
B-(2’ : 3’-dimercaptopropyl)glucoside (II), m. p. 75—77°. In Part I (loc. cit.), the preparation 
was also described of BAL-Intrav hexa-acetate from a tetra-acety] allylglucoside consisting largely 
of the a-form. In view of the isolation of the crystalline 6-hexa-acetate, BAL-Intrav hexa- 
acetate has now been synthesised from pure tetra-acetyl a-allylglucoside (readily prepared by 
isomerisation of the $-isomer with titanium tetrachloride). Addition of bromine to the tetra- 
acetate gave 2:3: 4: 6-tetva-acetyl a-(2’ : 3’-dibromopropyl)glucoside, which reacted with potassium 
thiolacetate to give hexa-acetyl a-(2’ : 3'-dimercaptopropyl)glucoside, [a]p + 88°, which has so far 
resisted all attempts at crystallisation. The difficulty in obtaining these products in crystalline 
form is probably due to their existence as mixtures of two stereoisomerides owing to asymmetry 
at position 2’; this condition will obviously arise in all cases where the dibromopropyl and 
dimercaptopropyl groups are linked to an optically active system. 

In view of the successful biological tests on the glucoside, it was clearly desirable to synthesise 
further water-soluble, derivatives of BAL, and the present paper describes experiments directed 
towards the preparation of its ethers with glycerol (both a- and 8-) and with glycollic acid. 
The methods adopted were essentially the same as that used for the synthesis of the glucoside, 
in that they involved the preparation of the allyl ether, followed by bromination, treatment with 
potassium thiolacetate to give the acetylated dithiol, and final deacetylation to the dithiol, 
according to the following general scheme : 


R:-O-CH,-CH:CH, —> R-O-CH,-CHBrCH,Br —> 
R-O-CH,CH(SAc)‘CH,SAc —-> R:O-CH,‘CH(SH)-CH,‘SH 


In the cases of the glycerol ethers, the fully acetylated allyl ethers were used, in order to avoid 
any wandering of acetyl groups in the bisacetylthio-compound. 


* The chemical portion of this paper (Fraser, Owen, and Shaw) is considered as Part I of this series. 
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The starting point for the synthesis of the a-glyceryl ether was 1 : 2-isopropylidene glycerol. 
In order to ensure homogeneity, this was first converted into its crystalline benzoate, which was 
then treated with allyl bromide in the presence of excess of concentrated aqueous sodium 
hydroxide (cf. Nichols and Yanovsky, J. Amer. Chem. Soc., 1944, 66, 1625; 1945, 67, 46) to 
give the a-allyl ether (III); on hydrolysis with aqueous-alcoholic hydrochloric acid this yielded 
2 : 3-dihydroxypropyl allyl ether (IV), characterised as the bisphenylurethane. The same product 
was also obtained, more directly, by the action of sodium allyloxide in allyl alcohol on glycerol 


gis H-CH,-O-CH,CH:CH, 


‘te, (III.) 


gis einiien: ot te 
\ 


\ ie, (VI.) hte, 


a-chlorohydrin, its identity being confirmed by formation of the same bisphenylurethane. 
Acetylation with acetic anhydride and sodium acetate gave the diacetate, which absorbed 
bromine in carbon tetrachloride solution to give 2 : 3-dibromopropyl 2 : 3-diacetoxypropyl ether. 
With potassium thiolacetate in boiling ethanol this was converted into 2 : 3-diacetoxypropyl 
2: 3-bisacetylthiopropyl ether (V). This product was deacetylated by treatment with cold 
aqueous sodium hydroxide under nitrogen, but the material so obtained did not give correct 
analyses for the expected BAL §-glyceryl ether. The thiol content was considerably less than 
that of the total sulphur, and .a Zerewitinoff determination indicated a deficiency in active 
hydrogen. On reaction with acetone, however, a diisopropylidene derivative (VI) was obtained. 
The product was therefore a mixture containing the required dithiol (VII), together with some 


O-CH, H,OH O-CH, 
PhCH H-O-CH,-CH:CH, H-O-CH,-CH(SH)-CH,'SH mes GH O-CH,’ 
0 H, 


CH,(OH)-CH(OH)-CH,-O-CH,-CH:CH, 
(IV.) 
CH,(OAc)*CH(OAc)*CH,*O-CH,CH(SAc)*CH,’SAc 
(V.) 


CH,(OH)-CH(OH)-CH,-O-CH,-CH(SH)-CH, SH 
(VII.) 


. H—CH 
H, H,-OH a 2 
(VIII.) (IX.) (X). \ ite, 


by-product, probably formed by intramolecular loss of water or hydrogen sulphide. Easy 
dehydration of hydroxy-thiols has, indeed, been encountered in several instances (cf. Part III, 
following paper). 

By a similar series of reactions, 1 : 3-benzylidene glycerol (prepared in improved yield) was 
successively converted into 1: 3-benzylidene 2-allyl glycerol (VIII), 1: 3-dihydroxy-2-propyl 
allyl ether, 2: 3-dibromopropyl 1 : 3-diacetoxy-2-propyl ether, and 1 : 3-diacetoxy-2-propyl 2 : 3- 
bisacetylthiopropyl ether. In contrast to the (V), deacetylation of this tetra-acetate proceeded 
normally with aqueous sodium hydroxide to give 1 : 3-dihydroxy-2-propyl 2 : 3-dimercaptopropyl 
ether (IX). On reaction with acetone it gave a diisopropylidene derivative (X). 

The allyl ether (XI) of glycollic acid was synthesised by reaction of chloroacetic acid with 


CH,:CH-CH,-O-CH,CO,H _CH,(SH)-CH(SH)-CH,O-CH,°CO,H = CH,(SH)-CH(SH)-[CH,],°CO,H 
(XI.) (XII.) (XIIL.) 


O 
\ 
on Hi, cf oy 
(XIV.). CH,(SH)*CH CO CH,(SH)‘CH CO (XV.) 
7 ™* wl 


sodium allyloxide in allyl alcohol, and was then converted into the ethyl ester. The latter was 
treated with bromine in carbon tetrachloride solution to give the 2 : 3-dibromopropyl ether of 
ethyl glycollate, which with potassium thiolacetate gave the corresponding 2: 3-bisacetylthio- 
propyl ether. On being stirred with cold aqueous sodium hydroxide this underwent 
saponification and deacetylation to yield 2 : 3-dimercaptopropoxyacetic acid (XII). 

If in the last compound the ethereal oxygen atom were eliminated, y$-dimercaptovaleric 
acid (XIII) would result. Although not an ether of BAL, this compound still contains the 
essential dithiol structure, and is of interest as a higher homologue of af-dimercaptopropionic 
acid (‘‘ BAL acid ’’) (U.S.P. 2,408,094). Ethyl but-3-ene-l-carboxylate (Zeidler, Annalen, 1877, 
187, 39) reacted with bromine to give ethyl 3 : 4-dibromobutane-1-carboxylate, which with potassium 
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thiolacetate was converted into ethyl 3: 4-bisacetylthiobutane-1-carboxylate. Treatment of 
this compound with aqueous alkali and distillation of the product gave the y-S-/actone (XIV), 
characterised as its a-naphthylurethane. On standing in cold aqueous alkali, this lactone was 
converted into the free dithiol (XIII), since acidification and immediate titration with iodine 
indicated the presence of two thiol groups, but on attempted isolation the acid reverted to the 
lactone. This behaviour is not unexpected, since Schjanberg (Ber., 1941, 74, 1751) has reported 
the formation of S-lactones from y- and §-mercapto-acids. It is interesting, however, that the 
glycollic ether (XII) showed no tendency towards lactonisation, although, from a consideration 
of bond lengths and valency angles at the ethereal oxygen atom, the formation of a “‘ 8 ’’-lactone 
(XV), of greater stability than that of a normal S-8-lactone, might have been expected. 


EXPERIMENTAL. 


Determination of Thiol Values.—SH groups (expressed as “ thiol-S’’) were determined by titration 
in acid solution with N/10-iodine, but in order to obtain a sharp end-point and reproducible results 
(cf. Lucas and King, Biochem. J., 1932, 26, 2076; Levene, J. Biol. Chem., 1935, 109, 141) the temperature 
was kept at 0°, and sufficient hydrochloric or sulphuric acid was added to ensure that the acid concen- 
tration was at least N throughout the titration. Starch was used as indicator. 

Hexa-acetyl B-(2’ : 3’-Dimercaptopropyl)glucoside (II).—Tetra-acetyl B-(2’ : 3’-dibromopropyl)glucoside 
(38 g.) (Fischer, Z. physiol. Chem., 1920, 108, 3) and potassium thiolacetate (17 g.), dissolved in ethanol 
(150 c.c.), were refluxed for 6 hours. The cooled solution was diluted with water (500 c.c.) and extracted 
with ether. Removal of solvent from the dried extract gave a viscous yellow oil, which when dissolved 
in ethanol (100 c.c.) and kept at 0° for several days deposited colourless crystals of the hexa-acetate, 
which after recrystallisation from ethanol had m. p. 75—77°, [a]}§° —26° (c, 0-65 in methanol) (Found : 
C, 46-65; H, 5-6; S, 12-0. C,,H390,.S, requires C, 46-8; H, 5-6; S, 11-9%). Light absorption in 
alcohol : Amax. 2280 A.; € 8800. 

2:3:4:6-Tetra-acetyl a-Allylglucoside.—The B-isomer (Fischer, Joc. cit.) (38 g.) and titanium tetra- 
chloride (20 g.) in pure chloroform (500 c.c.) were refluxed for 2 hours. The solution was then cooled, 
washed with water and sodium hydrogen carbonate solution, dried, and evaporated to a solid residue, 
which on recrystallisation from light petroleum (b. p. 60—80°) gave the a-compound (25 g.), m. p. 51—53°, 
[a}}>° + 131° (c, 1-1 in methanol). 

2:3:4: 6-Tetra-acetyl a-(2’ : 3’-Dibromopropyl)glucoside.—The above tetra-acetate (10 g.) in chloro- 
form (50 c.c.) was treated below 5° with a solution of bromine (4-4 g.) in chloroform (25 c.c.), added 
gradually during 1 hour. The solution was then washed with sodium hydrogen carbonate, dried, and 
evaporated to a yellow oil. A portion of this product was purified by chromatography on an alumina 
column, being transferred to the column in benzene solution and eluted with benzene-ether (1 : 1). 
Evaporation of the eluate gave a colourless oil, {a]??° + 92° (c, 1-1 in methanol), consisting essentially 
of the required dibromide (Found: Br, 30-7. C,,H,,4O, Br, requires Br, 29-2%). 

Hexa-acetyl a-(2’ : 3’-Dimercaptopropyl)glucoside.—Prepared from the above dibromide (13 g.) and 
potassium thiolacetate (8 g.) in the same way as for the B-compound, the compound was obtained as a 
yellow oil (12 g.), [a]?° + 88° (c 1-1 in methanol), which failed to crystallise (Found : S, 11-6. C,,H390,,S, 
requires S, 119%). The thiol value was determined by saponification of a sample with alcoholic 
2n-sodium hydroxide at room temperature, followed by acidification and titration with iodine (Found : 
thiol S, 10-7%). 

3-Allyl Ether of 1 : 2-isoPropylidene Glycerol (III).—The benzoate, m. p. 35°, of 1 : 2-isopropylidene 
glycerol was prepared by the method of Fischer and Pfahler (Ber., 1920, BB, 1606) ; a suspension of this 
compound (65 g.) in 50% aqueous sodium hydroxide (110 c.c.) was vigorously stirred at 75° while allyl 
bromide (70 g.) was added during 2 hours. The temperature was then raised to 85° for 2 hours, stirring 
being maintained, and the solution then cooled and extracted with ether. The product so obtained 
was distilled to yield the allyl ether, as a colourless liquid (30 g.), b. p. 87°/22 mm., n}%° 1-4326 [Found : 
C, 62-5; H, 9-1; FF (by hydrogenation), 0-97. C,H,,O3 requires C, 62-75; H, 9-35%]. 

2: 3-Dihydroxypropyl Allyl Ether.—(a) A solution of the above compound (50 g.) in ethanol (375 c.c.) 
and 1% aqueous hydrochloric acid (125 c.c.) was refluxed for 3 hours, then neutralised with barium 
carbonate, filtered, and evaporated to dryness. The residue was extracted with ether, and gave the 
_ ether as a colourless liquid (20 g.), b. p. 142°/28 mm., n}¥* 1-4629 (Found: C, 54-55; H, 9-1. C,H,,0, 
requires C, 54-5; H, 9-15%). The bisphenylurethane crystallised from benzene-light petroleum (b. p. 
40—60°) in colourless needles, m. p. 102° (Found: C, 64-9; H, 5-8; N, 7-3. C. 9H,.0O;N, requires C, 
64-8; H, 6-0; N, 76%). 

(b) To a solution of sodium allyloxide, prepared from sodium (14 g.) and allyl alcohol (200 c.c.), was 
slowly added a solution of glycerol a-chlorohydrin (50 g.) in allyl alcohol (50 c.c.), and the mixture was 
then refluxed for 2 hours. After neutralisation with carbon dioxide and dilution with water, extraction 
with ether gave 40 g. of 2: 3-dihydroxypropyl allyl ether, b. p. 140°/27 mm., which gave the same 
bisphenylurethane, m. p. and mixed m. p. 102°, as that described above. 

2 : 3-Diacetoxypropyl Allyl Ether.—The previous compound (160 g.) was acetylated by being heated 
in acetic anhydride (700 g.) with fused sodium acetate (100 g.) at 100° for 1-5 hours. After removal of 
much of the solvent under reduced pressure, the residue was stirred with water (500 c.c.) for 2 hours 
and then extracted with chloroform. The extract, after being washed with sodium hydrogen carbonate, 
was evaporated to an oil which on distillation furnished the diacetate as a colourless liquid (236 g.), 
b. p. 134°/15 mm., n}¥* 1-4379 (Found : C, 55-25; H, 7:8. C,)H,,O, requires C, 55-5; H, 7-45%). 

2: 3-Dibromopropyl 2 : 3-Diacetoxypropyl Ethey.—Bromine (180 g.) in carbon tetrachloride (200 c.c.) 
was added slowly during 4 hours to a solution of the diacetate (234 g.) in carbon tetrachloride (1000 c.c.), 
the temperature being kept at 10—12°. After being washed with sodium’ hydrogen carbonate, the 
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solvent was removed; distillation of the residue gave the dibromide as a colourless oil (310 g.), b. p. 
170°/2 mm., n}§° 1-4950 (Found : C, 31-65; H, 4:3. C, 9H,,O,Br, requires C, 31-9; H, 4:3%). 

2: 3-Diacetoxypropyl 2: 3-Bisacetylthiopropyl Ether.—The dibromo-compound (200 g.) and potassium 
thiolacetate (120 g.) in ethanol (500 c.c.) were refluxed for 6 hours, then cooled, diluted with water 
(2000 c.c.), and extracted with ether. Removal of solvent from the dried extract and distillation 
of the resulting oil gave the product as a viscous liquid (185 g.), b. p. 169—174°/10 mm., nlf" 1-5035 
(Found: * C, 46-6; H, 5-9; S, 16-4. C,,H,,0,S, requires C, 45-85; H, 6-05; S, 17-5%). 

Deacetylation of (V).—The tetra-acetate (100 g.) suspended in 25% aqueous sodium hydroxide 
(500 c.c.) was stirred under nitrogen at ca. 20° for 24 hours, and then extracted with ether to remove 
non-thiol material. The alkaline solution was then acidified with concentrated hydrochloric acid, 
the temperature being kept below 5°, and extracted with ether. Removal of the ether and distillation 
of the residual oil gave a pale yellow liquid (30 g.), b. p. 155°/0-02 mm., m}®° 1-5390 (Found: C, 41-2; 
H, 7:3; S, 28-5; thiol S, 18-6; active H, 1:7. C,H,,0,S, requires C, 36-3; H, 7-1; S, 32-3; active 
H, 2:0%). A portion was dissolved in dry acetone (10 parts) containing 1% of hydrogen chloride, left 
overnight, and then neutralised with barium carbonate, evaporated, and distilled to give the diiso- 

opylidene derivative of 2: 3-dihydroxypropyl 2 : 3-dimercaptopropyl ether, b. p: 98°/10 mm., 2° 
1-5265 (Found: C, 52-2; H, 8-3; S, 23-4. C,,H,,0,S, requires C, 51-75; H, 8-0; S, 23-05%). 

1 : 3-Benzylidene Glycerol.—This was ae gone by the method of Hibbert and Carter (J. Amer. Chem. 
Soc., 1929, 51, 1601) in which glycerol and benzaldehyde are condensed in the presence of hydrogen 
chloride, but by maintaining a slow stream of the gas through the mixture during the course of the 
reaction the yield of distilled benzylidene glycerol (mixture of 1 : 2- and 1 : 3-compounds), b. p. 139— 
142°/0-6 mm., was raised to 65%. The solid 1 : 3-isomer was separated from the oil, and recrystallised 
from benzene-light petroleum (b. p. 60—80°) in small prisms (yield, 50% of the distillate). The m. p. 
of the product varied from 65° to 75° with different batches, presumably owing to the existence of the 
two forms, 32) p.s 63° and 83-5°, already described in the literature (cf. Davies, Heilbron, and Jones, 

., 1934, 1232). 
J 2-Allyl Ether of 1: 3-Benzylidene Glycerol.—To a stirred suspension of 1 : 3-benzylidene glycerol 
(50 g.) in 50% aqueous sodium hydroxide (150 c.c.), kept at 75°, allyl bromide (72 g.) was added during 
2 hours. The product was isolated as a colourless liquid, b. p. 136—140°/ 0-5 mm., which solidified on 
standing. Recrystallisation from benzene-light petroleum (b. p. 60—80°) gave needles, (22 g.) m. p. 
44-5° (Found: C, 70-9; H, 7-4. C,3H,,O, requires C, 70-85; H, 7-3%). 

1 : 3-Dihydroxy-2-propyl Allyl Ether.—A solution of benzylidene compound (100 g.) in ethanol 
(500 c.c.) and 0-2% aqueous hydrochloric acid (500 c.c.) was heated for 1 hour at 80°, and then neutralised 
with potassium carbonate and evaporated to a syrup. This was taken up in ether, filtered, dried, and 
evaporated. Distillation of the product yielded 1 : 3-dihydroxy-2-propyl allyl ether (57 g.), b. p. 134°/11 
mm., n}%° 1-4675 (Found: C, 54-7; H, 9-0. C,H,,0, requires C, 54:5; H, 915%). 

1 : 3-Diacetoxy-2-propyl Allyl Ether.—Acetylation of the above compound (56 g.) with acetic anhydride 
(250 c.c.) and sodium acetate (40 g.) gave the diacetate (77 g.), b. p. 135°/14 mm., m}f* 1-4413 (Found : 
C, 55-3; H, 7-35. Cy 9H,,O, requires C, 55-5; H, 7-45%). 

2 : 3-Dibromopropyl 1 : 3-Diacetoxy-2-propyl Ethey.—Bromine (60 g.) in carbon tetrachloride (120 c.c.) 
was added during 4 hours to a solution of the above diacetate (80 g.) in carbon tetrachloride (400 c.c.), 
the temperature being kept below 10°. The dibromide distilled as a colourless liquid (115 g.), b. p. 
173°/1 mm., #}8° 1-4952 (Found: C, 31-7; H, 4-2. C,H,,0,Br, requires C, 31-9; H, 4-3%). 

1 : 3-Diacetoxy-2-propyl 2 : 3-Bisacetylthiopropyl Ether—The "Goveme-comguent (100 g.) and 
potassium thiolacetate (85 g.) in ethanol (750 c.c.) were refluxed for 6 hours, to yield the required 
compound as a viscous orange-coloured oil (75 g.), b. p. 175—176°/0-003 mm., }§* 1-5017 (Found: C, 
46-05; H, 5-9; S, 16-8. C,,H,,0O,S, requires C, 45-85; H, 6-05; S, 17-5%). 

1 : 3-Dihydroxy-2-propyl 2: 3-Dimercaptopropyl Ether.—The tetra-acetate (15 g.) was hydrolysed 
in 25% aqueous sodium hydroxide (100 c.c.) as described for the a-analogue. Distillation of the product 
gave the slightly impure dithiol (5 g.), b. p. 150—151°/0-005 mm., n??° 1-5445 (Found: C, 37-2; H, 6-9; 
S, 31-0; thiol S, 30-6; active H, 1-95. C,H,,0,S, requires C, 36-3; H, 7-1; S, 32-3; active H, 2-0%). 
Reaction of a portion with dry acetone, containing 1% hydrogen chloride, gave the diisopropylidene 
derivative, m. p. 67° after crystallisation from methanol (Found: C, 51-6; H, 7-7; S, 22-9. C,,H,,0,S, 
requires C, 51-75; H, 8-0; S, 23-05%). 

Allyloxyacetic Acid.—To a solution of sodium allyloxide, prepared from sodium (130 g.) and allyl 
alcoho! (1300 c.c.), was added a solution of chloroacetic acid (230 g.) in allyl alcohol (300 c.c.), at such 
a rate that the mixture refluxed gently (14 hours). After refluxing for a further 2 hours, the solution 
was neutralised with carbon dioxide and evaporated to dryness. The residue was dissolved in water 
and acidified with dilute sulphuric acid, and then extracted with ether to give allyloxyacetic acid (204 g.), 
b. p. 120°/13 mm., n?* 1-4460 (Found: C, 51-8; H, 7-25; equiv., 116-9. C,H,O, requires C, 51-7; 
H, 6-95%; equiv., 116-1). A small portion, treated with bromine in carbon tetrachloride solution, 
gave 2 : 3-dibromopropoxyacetic acid, which crystallised from chloroform-light petroleum (b. p. 60—80°) 
in prisms, m. p. 85° (Found: C, 22-15; H, 3-0. C,;H,O,Br, requires C, 21-75; H, 2-9%). Esterification 
of allyloxyacetic acid with ethanolic sulphuric acid gave the ethyl ester, b. p. 177—178°, 75°/13 mm., 
nif 1-4272 (Found: C, 58-6; H, 8-75. C,H,,0, requires C, 58-3; H, 84%). 

Ethyl 2 : 3-Dibromopropoxyacetate.—Treatment of a solution of ethyl allyloxyacetate (35 g.) in carbon 
tetrachloride (150 c.c.) with bromine (45 g.) in carbon tetrachloride (100 c.c.) gave ethyl 2 : 3-dibromo- 
propoxyacetate (53 g.), b. p. 158—160°/15 mm., n}$° 1-5060 (Found : C, 27-8; H, 4-4; Br,52-7. C,H,,0,Br, 
requires C, 27-6; H, 4-0; Br, 54-6%). 

Ethyl 2 : 3-Bisacetylthiopropoxyacetate.—The above dibromo-ester (20 g.) reacted with potassium 


* Slight discrepancies in the analytical figures for liquid acetylated dithiols were often encountered 
during the course of this work. These may be due to the presence of traces of potassium acetate in the 
potassium thiolacetate, resulting in the formation of a small amount of the corresponding O-acetates, 
which would not be readily separable from the acetylated dithiols. 





248 Evans, Fraser, and Owen: Dithiols. Part III. 


thiolacetate (30 g.) in boiling ethanol (300 c.c.) to give ethyl 2: 3-bisacetylthiopropoxyacetate as a 
viscous yellow oil (17 g.), b. p. 147°/0-4 mm., nf” 1-5098 (Found : C, 44-7; H, 5-9; S, 22-1. C,,H,.0,S, 
requires C, 44:85; H, 6-2; S, 21-8%). : 

2: 3-Dimercaptopropoxyacetic Acid.—The ester (30 g.) was hydrolysed in 25% aqueous sodium 
hydroxide (300 c.c.) as previously described. Distillation of the product gave the dimercapto-acid as a 
colourless, viscous liquid (8 g.), b. p. 150°/0-0001 mm., #* 1-5505 (Found: C, 33-8; H, 5-6; S, 34-1; 
thiol S, 34-6. C,H,,0,S, requires C, 32-95; H, 5-5; S, 35-2%). 

Ethyl 3 : 4-Dibromobutane-1-carboxylate.—Ethyl but-3-ene-l-carboxylate (42 g.), prepared by the 
method of Zeidler (loc. cit.), in carbon tetrachloride (200 c.c.) was treated at —20° with bromine (64 g.) 
in carbon tetrachloride (150 c.c.), added during 2 hours. The dibromo-ester was obtained as a liquid 
(60 g.), b. p. 95—96°/0-2 mm., nj~* 1-5080 (Found: Br, 55-6. C,H,,0,Br, requires Br, 55-5%). 

Ethyl 3 : 4-Bisacetylthiobutane-1-carboxylate.—Reaction of the dibromo-ester (60 g.) with potassium 
thiolacetate (56 g.) in ethanol (200 c.c.) gave a yellow liquid ester (40 g.), b. p. 147—148°/1 mm., n# 
1-5115 (Found: C, 48-0; H, 6-7; S, 22-1. C,,H,,0,S, requires C, 47-45; H, 6-5; S, 23-0%). 

8-Mercapto-y-valerothiolactone (XIV).—The above ethyl ester (25 g.) was saponified, in the way 
previously described, with cold 30% aqueous sodium hydroxide (250 c.c.). Distillation of the product 
gave the Jactone (6-8 g.), b. p. 83—84°/0-2 mm., m}f° 1-5630 (Found : thiol S, 22-3. C,H,OS, requires 
thiol S, 21-6%). The a-naphthylurethane crystallised from light petroleum (b. p. 60—80°) in needles, 
m. p. 138° (Found: C, 60-3; H, 5-0; N, 4-8. C,H,,;0,NS, requires C, 60-5; H, 4-8; N, 4-4%). 

A portion of the lactone was dissolved in excess of 5% aqueous sodium hydroxide, left for 1 hour at 
ordinary temperature, and then acidified and titrated with iodine. The thiol value (Found: 36-6%, 
calculated as dimercapto-acid) indicated almost complete conversion into 3 : 4-dimercaptobutane-1- 
carboxylic acid (Calc. for C;HO,S,: S, 386%). 
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61. Dithiols. Part III. Derivatives of Polyhydric Alcohols. 
By R. M. Evans, (the late) J. B. Fraser, and L. N. Owen. 


From butadiene monoxide, the two stereoisomeric tetra-acetates of 1 : 2-dimercaptobutane- 
3:4-diol have been synthesised; on deacetylation these furnish 1 : 2-dithioerythritol and 
1 : 2-dithiothreitol (diisopropylidene derivatives). From pent-2-en-4-yn-l-ol, the penta-acetate 
of 1 : 2-dimercaptopentane-3 : 4: 5-triol has been prepared. The meso- and the pDi-form of 
1 : 4-dibromo-2 : 3-diacetoxybutane have been used for the synthesis of the tetra-acetates of 
1 : 4-dithioerythritol and 1 : 4-dithiothreitol, respectively, the free dithiols (diisopropylidene 
derivatives) being obtained on deacetylation. Similarly, tetra-acetyl mannitol 1 : 6-dibromo- 
hydrin, the preparation of which has been studied, gives the hexa-acetate of 1 : 6-dithiomannitol, 
and thence the free dithiol. It is necessary to use bromo-compounds for these syntheses, since 
the corresponding chloro-compounds do not react smoothly with potassium thiolacetate. 
Attempts to prepare 2 : 3-dimercaptobutane-! : 4-diol from 2 : 3-dibromo-1 : 4-diacetoxybutane 
failed, owing to reduction of the dibromide to 1 : 4-diacetoxybut-2-ene by the thiolacetate. 
Some experiments on the a of the triacetate of 2 : 3-dimercaptopropanol are recorded, 
which indicate the occurrence of side-reactions in the process. 


2: 3-DIMERCAPTOPROPANOL (‘‘ BAL”) (I) may be considered as the parent of a series of 
hydroxy-dithiols in which (II) and (III) would be succeeding members. The preparation of 
these analogues, and of the non-vicinal compounds (IV) and (V), has now been studied, since 
from the pharmacological point of view the examination of such a series would be expected to 
provide useful information on the effect of structure both on anti-arsenical activity and also on 
toxicity (cf. Part II, preceding paper). 


CH,(SH)-CH(SH)-CH,-OH CH,(SH)-CH(SH)-CH(OH)-CH,-OH 
(I.) (II.) 


CH,(SH)-CH(SH)-CH(OH)-CH(OH)-CH,-OH 
(IIL.) 


CH,(SH)-[CH(OH)},°CH,*SH CH,(SH)-[(CH(OH)],°CH,-SH 
(IV.) (V.) 


Butadiene monoxide (VI) has recently become commercially available, and is an obvious 
starting point for the synthesis of the dithiol (II), since it is known to undergo ready hydrolysis 
to butene-3 : 4-diol, which can be brominated to give 1 : 2-dibromobutane-3 : 4-diol (Cloetz, 
Bull. Soc. chim., 1908, 3, 418; Pariselle, Ann. Chim. Phys., 1911, 24, 403). The overall yield of 
dibromide by this means, however, is poor, and two other possible routes from the oxide were 
therefore investigated : (i) acetolysis of the oxide with acetic acid—acetic anhydride—hydrochloric 
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acid to give 3 : 4-diacetoxybutene (VII), followed by addition of bromine to yield 1 : 2-dibromo- 
3 : 4-diacetoxybutane (VIII); and (ii) addition of bromine to the oxide, to give 1 : 2-dibromo- 
3 : 4-epoxybutane (IX), followed by acetolysis to (VIII). The first of these alternatives proved 
to be the more suitable, since it gave a better yield and a purer product than the second. 


CH,{CH-CH(OAc)*CH,OAc 
Q (VII.) 


=e, 
4 ~*CH,Br-CHBr-CH(OAc)*CH,"OAc 
CH,:CH-CH—CH, 


(VIII) 


canal ais 


CH,(SAc)*CH(SAc)*CH(OAc)*CH,"OAc 
(X.) 


Furthermore, it was found that acetolysis with acetic anhydride—zinc chloride gave little more 
than half the yield obtained with acetic acid—acetic anhydride—hydrochloric acid. 

Treatment of the dibromide (VIII) with potassium thiolacetate in boiling ethanol gave a 
product which on recrystallisation from methanol furnished 1 : 2-diacetoxy-3 : 4-bisacetylthio- 
butane (X). From the mother liquors a stereoisomeric tetra-acetyl derivative was obtained. 
These two isomers must correspond stereochemically to the tetrols, erythritol and threitol, but 
at present there is no means of allocating the particular configurations to them. The 
higher-melting tetra-acetyl derivative was deacetylated by being heated with ethanolic 
hydrogen chloride; the thiol value of the solution became constant at 75% of the theoretical, 
and on distillation of the product two distinct fractions were obtained. The higher-boiling 
material contained the required dithiol (II), since it gave a crystalline diisopropylidene 
derivative (XI). The lower-boiling fraction, however, consisted mainly of an anhydro- 
compound; it contained only one free thiol group, and gave a bisphenylurethane, C,,H,,0,N.Sz, 
indicating the possession also of one free hydroxyl group. It must have been formed, therefore, 
either during the deacetylation process (in which, as mentioned above, the theoretical thiol 
value was not attained) or in the working up of the product, by loss of one mol. of water 
between a thiol group and a hydroxyl group; this ready dehydration is known to occur 
with BAL itself, which on being heated at 110°/10 mm. gives dithioglycidol (XII) (U.S.P. 
2,396,957). Several structures are possible for the anhydro-compound; from analogy with 
the behaviour of BAL, it may be tentatively formulated as (XIII). 

eatin, “OF di CH,(SH)-CH—CH:CH,-OH 


. S 
(XII.) (XIII.) 


Deacetylation of the lower-melting tetra-acetyl derivative, under similar conditions, also 
gave a mixture of dithiol and anhydro-compound; the former was characterised as its 
diisopropylidene derivative, one of the stereoisomers represented by (XI). 

For the preparation of the dimercaptopentanetriol (III) it was necessary’ to prepare 
3: 4: 5-triacetoxypentene (XVII), a compound which had been obtained in poor yield by 
Lespieau (Bull. Soc. chim., 1928, 48, 657). The recent availability of pent-2-en-4-yn-1l-ol 
(XIV) (Haynes, Heilbron, Jones, and Sondheimer, J., 1947, 1583), however, has led Dr. Raphael, 
of this College, to investigate the hydroxylation of the double bond in this compound by means 
of the performic acid reagent of Swern, Billen, and Scanlan (J. Amer. Chem. Soc., 1946, 68, 
1505). He has thereby obtained pent-1l-yne-3 : 4 : 5-triol (XV) in good yield, and has shown 


H CH H 


H H—C—OH H—C—OAc 

H H—C—OH H—C—OAc 

H,,OH H,OH H,-OAc 
(XIV.) (XV.) (XVI) 


that the pair of hydroxyl groups so introduced at C, and C, have the cis-configuration with 
respect to one another (private communication). Acetylation of this compound gave 
3:4: 5-triacetoxypent-l-yne (XVI) (a stereoisomer of the substance described by Lespieau) 
which underwent smooth semihydrogenation in ethyl acetate solution, when shaken with 
hydrogen in the presence of a palladium-calcium carbonate catalyst, and gave an excellent 
yield of crystalline 3 : 4 : 5-triacetoxypent-1-ene (XVII). This was converted, with bromine in 
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carbon tetrachloride solution, into 1 : 2-dibromo-3 : 4: 5-triacetoxypent-l-ene (XVIII), which 
partly crystallised, the addition of bromine evidently taking place in the two possible ways to 
give a mixture of two stereoisomers, differing in configuration only at position 2. Treatment of 
either the solid or the liquid dibromide with potassium thiolacetate gave 3 : 4 : 5-triacetoxy-1 : 2- 
bisacetylthiopentane (XIX) as a liquid product from which a small amount of a solid isomer was 
H, H,Br H,°SAc H,°S 
H HBr H-SAc H’S 
H—C—OAc — > H-C-—OAc — > H-€-OAc -— > H—-C—OH 
H—C—OAc H—C—OAc H—C—OAc H—C—OH 
H,-OAc H,-OAc H,-OAc H,OH 
(XVII) (XVIII.) (XIX.) (XX.) 
obtained. It is probable that partial Walden inversion occurs during the replacement of 
bromine by acetylthio-groups, so that a mixture of stereoisomeric penta-acetates is obtained, 
irrespective of whether the solid or the liquid dibromide is used. Trial experiments indicated 
that deacetylation of the penta-acetate with ethanolic hydrogen chloride, followed by distillation 
of the product, again resulted in partial cyclisation, and the material was therefore treated with 
methanolic barium methoxide, according to the method adopted in the original synthesis of 
“ BAL-Intrav ” (Danielli, Danielli, Fraser, Mitchell, Owen, and Shaw, Biochem. J., 1947, 41, 
325), to yield a crude barium salt (XX) from which a solution of the free dithiol could 
conveniently be prepared, when required, for biological assay. 

1 : 4-Dibromobutane-2 : 3-diol is known in both the meso- and the pi-form, corresponding 
respectively to the tetrols, erythritol and pt-threitol (these alcohols are frequently referred to in 
the literature as meso- or “ natural” erythritol, and “ di-erythritol’’, respectively). The 
isomer obtained by the oxidation of ¢vans-1 : 4-dibromobut-2-ene with potassium permanganate 
(Thiele, Annalen, 1899, 308, 337) is known to be the pi-form. The diacetate (XXI) of this 
reacted with potassium thiolacetate to give pL-threo-2 : 3-diacetoxy-1 : 4-bisacetylthiobutane 
(XXII). In contrast with the other acetylated thiols already mentioned, this compound was 
smoothly deacetylated by warm alcoholic hydrogen chloride to give a product which distilled 
without decomposition and readily crystallised. The pi-threo-1 : 4-dimercaptobutane-2 : 3-diol 
(DL-1 : 4-dithiothreitol) (XXIII) so obtained reacted with acetone to give the diisopropylidene 
derivative (XXIV). By a similar series of reactions, meso-1 : 4-dibromo-2 : 3-diacetoxybutane 
(XXV) (Owen, this vol., p. 241) gave meso-2 : 3-diacetoxy-1 : 4-bisacetylthiobutane (i.e., 
tetva-acetyl 1 : 4-dithioerythritol) (XX VI), and thence 1 : 4-dithioerythritol (XX VII) which gave a 
diisopropylidene derivative (XXVIII). 

According to Vogel (Ber., 1938, 71, 1272; cf. Fischer and Armstrong, ibid., 1902, 35, 842; 
Perkin and Simonsen, J., 1905, 87, 862) hexa-acetyl mannitol, dissolved in acetic acid containing 
50% of hydrogen bromide, is gradually converted in the course of several months into the 
2:3: 4: 5-tetra-acetyl 1 : 6-dibromohydrin (X XIX), but no yield is recorded. We have found 
this to be only 10% after nine months, and have therefore attempted to increase both the 


H,Br ‘ H,°SA H,’SH S°‘CH 
; oa. ; Me,C< ob 


Ba 


Ac —H Ac —H H —H 
H—C—OAc H—C—OAc H—C—OH HC: 
CH,Br H,°SAc H,°SH 
(XXI.) (XXII.) (X XIII.) 


H,Br H,‘SAc H,SH 
H—C—OAc , H—C—OAc H—C—OH 
H—C—OAc H—C—OAc H—C—OH 

H,Br H,SAc H,SH 

(XXV.) (XXVI.) (XXVIL.) (XXVIIL.) 


H,Br H,’SAc H,’SH 
Ac i Ac —H H —H 
Ac —H Ac —H H —H H,-OH 
H—C—OAc H—C—OAc H—C—OH H—C—SH 
H—C—OAc H—C—OAc H—C—OH H—C—SH 
H,Br H,°SAc H,’SH H,-OH 
(XXIX.) (XXX.) (XXXI.) (X XXII.) 


conversion and the rate of reaction. When the mixture was heated at 100° for two hours, the 
only product isolated was a small amount of monoacetyl pentabromohydrin, probably identical 
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with that described by Perkin and Simonsen ((oc. cit.), but at 35° the replacement of acetoxy- 
groups by bromine occurred more smoothly. A 20—25% yield of the required dibromide was 
isolated by working up the product after the reaction had proceeded for’9 hours, and this was 
not improved by any further change in conditions, such as variation in hydrogen-bromide 
concentration. Similar treatment of hexa-acetyl sorbitol gave 2:3: 4: 5-tetra-acetyl sorbitol 
1 : 6-dibromohydrin. The tetra-acetyl mannitol dibromohydrin with potassium thiolacetate 
yielded hexa-acetyl 1 : 6-dithiomannitol (XXX), which on deacetylation with ethanolic hydrogen 
chloride gave 1 : 6-dithiomannitol (XXXI). 

An unexpected difficulty arose in the attempted preparation of 2 : 3-dimercaptobutane- 
1:4-diol (XXXII) from meso-2 : 3-dibromo-1 : 4-diacetoxybutane. Although the latter 
compound is known to react with silver acetate, to give erythritol tetra-acetate (Griner, Bull. 
Soc. chim., 1893, 9, 219), it behaved abnormally on treatment with potassium thiolacetate in 
alcohol, and was reduced to 1: 4-diacetoxybut-2-ene, sulphur being precipitated. Similar 
results were also obtained when the dibromide reacted with thiolacetic acid in pyridine, or with 
alcoholic sodium hydrogen sulphide. The abnormal reaction is evidently associated with the 
secondary nature of both the vicinal halogen atoms, since, in compounds where at least one of the 
groups was primary, no such effect was observed. In 1905 Rosenheim and Stadler (Ber., 38, 
2687) attempted to prepare a«’-dimercaptosuccinic acid by reaction of a«’-dibromosuccinic acid 
with sodium hydrogen sulphide, but obtained only fumaric acid, a result clearly comparable to 
the formation of diacetoxybut-2-ene in the reactions mentioned above. 

In view of the recent availability of the four structurally isomeric dichlorobutanediols (Evans 
and Owen, this vol., p. 239; Owen, ibid., p. 241), the reactions of their diacetates with potassium 
thiolacetate have been investigated. The reactivities were found to be comparatively low, and 
it was necessary to reflux in boiling alcohol for at least 12 hours (compared with 2—6 hours for 
the dibromides) to bring about complete reaction. Furthermore, under these conditions, 
considerable decomposition occurred, and little or none of the corresponding acetylated dithiol 
was obtained. A similarly unsuccessful attempt was made to prepare hexa-acetyl 1 : 6-dithio- 
mannitol from tetra-acetyl. mannitol 1: 6-dichlorohydrin. It is essential, therefore, to use 
bromo-derivatives in the reactions with potassium thiolacetate. ; 

From the evidence now available on the dithiols described in the present series of papers it is 
clear that, although it is often possible to prepare the fully acetylated polyhydroxy-dithiols in a 
pure state, their deacetylation, except in the case of non-vicinal dithiols, frequently proceeds 
abnormally. In an attempt to throw some light on this reaction, the deacetylation of the 
triacetate of 2 : 3-dimercaptopropanol was investigated. When this compound was boiled under 
reflux with n-methanolic hydrogen chloride, the thiol content of the solution reached the 
theoretical value, but the product on distillation gave only a 43% yield of 2 : 3-dimercapto- 
propanol together with a quantity of higher-boiling material. Deacetylation of the triacetate 
with cold aqueous alkali resulted in the attainment of a thiol value in the solution of only 64% 
of the theoretical; the yield of distilled 2 : 3-dimercaptopropanol was 35%, and a considerable 
amount of high-boiling substance was present. 2: 3-Dimercaptopropanol is known to undergo 
ready intramolecular dehydration to dithioglycidol (XII) on being heated under reduced 
pressure; these higher-boiling compounds probably result from intermolecular condensations. 
When such by-products are so readily formed from a simple monohydroxydithiol, it is not 
surprising that there has been a tendency for inter- or intra-molecular loss of water or hydrogen 
sulphide from the more complex compounds encountered in the present work. Further 
investigations will be necessary in order to establish the precise course of the deacetylation of 
these substances. 


Methylation of 2 : 3-dimercaptopropanol with methyl] sulphate (2 mols.) and alkali gave the 
di-S-methyl ether (a-naphthylurethane). 


The absorption spectra in ethanol of a number of acetylated thiols were kindly determined 
by Dr. E. A. Braude, and are recorded in the table. 


Compound. Amax. A. 
Glucothiose penta-acetate ! : 2240 
BAL-Intrav hexa-acetate,? m. p. 75—77° 2280 
BAL triacetate 2300 
1 : 2-Dimercaptobutane-3 : 4-diol tetra-acetate, m. p. 68° 2290 
1 : 2-Dimercaptobutane-3 : 4-diol tetra-acetate, m. p. 78° 2310 
threo-1 : 4-Dimercaptobutane-2 : 3-diol tetra-acetate, m. p. 73° 2290 
erythro-1 : 4-Dimercaptobutane-2 : 3-diol tetra-acetate, m. p. 126° 2290 
1 : 2-Dimercaptopentane-3 : 4 : 5-triol penta-acetate 2290 

1 See Part I (Biochem. J., 1947, 41, 325). 

® See Part II (this vol., p. 244). 
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The dithiols described in this and the preceding paper, and some of their fully acetylated 
derivatives, have been examined biologically by Dr. Miles Weatherall and Mrs. J. A. C. 
Weatherall, University of Edinburgh, who have found that the following compounds are 
approximately equal (on a mol. basis) to BAL in activity against mapharside poisoning in mice : 
(i) a- and (ii) B-glyceryl ethers of BAL; (iii) y-mercaptovalerothiolactone; (iv) 1 : 2-dimercapto- 
butane-3 : 4-diol; (v) 1: 2-dimercaptopentane-3 : 4 : 5-triol. 

Compounds (i)—(iv) are approximately as toxic as BAL, but (v) is substantially less so. 
The acetates of (i), (ii), (iv), and (v) have very low toxicities, but are therapeutically ineffective. 
The non-vicinal dithiols behave quite differently. 1 : 4-Dithiothreitol is more toxic than BAL, 
and, furthermore, it greatly accelerates death when administered after mapharside; 1 : 6-dithio- 
mannitol has a toxic action not shown by any of the other dithiols, and produces a wasting 
disease, accompanied by paralysis. Details of this biological work will be published elsewhere. 


EXPERIMENTAL. 


3 : 4-Diacetoxybut-l-ene.—(a) Butadiene monoxide (10 g.) was added slowly, with shaking, to a 
cooled mixture of acetic anhydride (50 g.) and concentrated hydrochloric acid (5 g.), after which the 
solution was heated in the steam-bath for 16 hours, and then cooled, diluted with water (300 c.c.), and 
extracted with chloroform. The extract was washed with sodium hydrogen carbonate solution, dried, 
and evaporated, to yield 3 : 4-diacetoxybut-l-ene, (17 g.), b. p. 94—98°/12 mm., 323° 1-4330 (Found : 
Ac, 49-2. Calc. for CgH,;,0,: Ac, 50-0%). 

(b) Butadiene monoxide (10 g.) and acetic anhydride (50 g.), containing anhydrous zinc chloride 
(0-1 g.), were heated for 16 hours on the steam-bath. The yield of 3 : 4-diacetoxybut-l-ene, isolated as 
described above, was only 9-2 g., b. p. 94—98°/11 mm., n?3° 1-4332 (Found : Ac, 47-9%). 

1 : 2-Dioromo-3 : 4-epoxybutane.—Bromine (115 g.) in chloroform (250 c.c.) was added dropwise to a 
solution of butadiene monoxide (50 g.) in chloroform (200 c.c.) over a period of 10 hours at ca. 10°. The 
solution was then washed with aqueous sodium hydrogen carbonate, dried, and evaporated to give 
1 : 2-dibromo-3 : 4-epoxybutane (53 g.), b..p. 98—99°/10 mm., 730" 1-5435 (cf. Pariselle, Joc. cit.). 

1 : 2-Dibromo-3 : 4-diacetoxybutane.—(a) Bromine (95 g.) in chloroform (200 c.c.) was added gradually, 
during 4 hours, to a solution of 3: 4-diacetoxybut-l-ene (100 g.) in chloroform (500 c.c.) at 10°. 
Evaporation of the washed and dried solution then gave 1 : 2-dibromo-3 : 4-diacetoxybutane (163 g.) as a 
colourless liquid, b. p. 95°/0-1 mm., m2!" 1-4990 (Found: C, 29-2; H, 3-5. C,H,,0,Br, requires C, 
28-95; H, 3-65%). 

(6) The same product, but in a less pure condition, was obtained by heating a solution of 
1 : 2-dibromo-3 : 4-epoxybutane (25 g.) in acetic anhydride (75 c.c.) and concentrated hydrochloric acid 
(7-5 c.c.) on the steam-bath for 12 hours. After working up in the usual way it distilled at b. p. 
100—105°/0-2 mm., »37" 1-5260—1-5115. Yield, 23-2 g. 

1 :.2-Diacetoxy-3 : 4-bisacetylthiobutane.—A_ solution of 1 : 2-dibromo-3 : 4-diacetoxybutane (160 g.) 
and potassium thiolacetate (125 g.) in ethanol (700 c.c.) was boiled under reflux, with stirring, for 6 hours. 
Extraction of the cooled solution, diluted with water (3000 c.c.), with chloroform gave an oil, which 
distilled as a dark red liquid (100 g.), b. p. 144—146°/0-01 mm., m}%* 1-5096; this partly solidified on 
standing. The distilled material was dissolved in a small volume of warm methanol (75 c.c.) and cooled 
to 0°, to yield colourless needles of 1 : 2-diacetoxy-3 : 4-bisacetylbutane (31-5 g.), m. p. 78° after one 
further recrystallisation from methanol (Found : C, 44-7; H, 5-8; S, 19-9. C,.H,,0,S, requires C, 44-7; 
H, 5-6; S, 199%). Light absorption: see Table. The mother liquors, on cooling to —20°, deposited 
a further quantity of solid material, which on recrystallisation from methanol gave a stereoisomer of the 
above tetra-acetate (11-5 g.), m. p. 68°, depressed to 55° on admixture with the isomer (Found : C, 44-9; 
H, 5-8; S, 19-9%). Light absorption: see Table. 

1 : 2-Dimercaptobutane-3 : 4-diol.—(a) 1 : 2-Diacetoxy-3 : 4-bisacetylthiobutane, m. p. 78° (19-5 g.), 
was dissolved in N-ethanolic hydrogen chloride (100 c.c.) and kept at 60° under nitrogen for 4 hours, the 
thiol value of the solution then having become constant at 75% of the theoretical. The cooled solution 
was then neutralised with barium carbonate, filtered, evaporated, and distilled, to give two main 
fractions: (i) 2-5 g., b. p. 76—79°/0-05 mm., n}§° 1-5800; and (ii) 2-4 g., b. p. 118—120°/0-05 mm., 
ni§* 1-5820. The first was mainly the anhydro-compound (Found : S, 44-9. Calc. : S, 47-1%) confirmed 
by formation of a bisphenylurethane, m. p. 142° (Found: N, 7-55; S, 17-4. C,,H,,0,N,S, requires N, 
75; S,17-1%). The thiol value (Found : thiol S, 20-2%) was unchanged on treatment of the compound 
with cold 2N-sodium hydroxide at 20° for 24 hours. The second fraction contained the required dithiol, 
though not in the pure state (Found: thiol S, 32-3. Calc.: 41-6%); reaction of a portion for 24 hours 
with dry acetone containing 1% of anhydrous hydrogen chloride gave the diisopropylidene derivative, 
which crystallised from methanol in plates, m. p. 63° (Found: C, 51-4; H, 7-4; S, 27-4. C, 9H,,0,S, 
requires C, 51-2; H, 7-7; S, 27-4%). 

(b) The lower-melting tetra-acetyl derivative (2 g.), treated similarly with boiling N-methanolic 
hydrogen chloride (20 c.c.) for 4 hours, gave an oil, which on distillation furnished a trace of low-boilin 
material (probably anhydro-compound) and a main fraction (0-6 g.) b. p. 114—116°/0-001 mm., n?? 
1-5830, again consisting of a mixture of dithiol and anhydro-compound (Found: thiol S, 36-2%). On 
reaction with dry acetone containing a trace of sulphuric acid, it gave the ay Me pier derivative of 
the dihydroxy-dithiol, which crystallised from methanol in plates, m. p. 82° (Found: C, 51-2; H, 7-7; 
S, 27-5%). 

3: ce 5-Triacetoxypent-1-ene.—Pent-2-en-4-yn-1-ol (65 g.) was hydroxylated with hydrogen peroxide 
and formic acid as described by Raphael (in the press), and the crude product, obtained by evaporation 
of the reaction mixture, on acetylation with acetic anhydride and sodium acetate, gave 3: 4: 5-tri- 








owner uw SS)’ ” ”~ 


Pr 


ws” OS Paw * ee 





[1949] Evans, Fraser, and Owen: Dithiols. Part III. 253 


acetoxypent-1-yne (54 g.), m. p. 51°, b. p. 120°/0-8 mm., n}§° 1-4525 (Found: C, 54-6; H, 6-1. C,,H4,05, 
requires C, 54-5; H, 58%). Semihydrogenation of this compound in ethyl acetate solution in the 
presence of a 10% palladium-—calcium carbonate catalyst gave an almost theoretical yield of 
3: 4: 5-triacetoxypent-l-ene, b. p. 143°/12 mm., nj?” 1-4420 (Found : C, 53-8; H, 6-3. C,,H,,O, requires 
C, 54-1; H, 6-6%) (cf. Raphael, Joc. cit.). 

1 : 2-Dibromo-3 : 4 : 5-triacetoxypentane.—A solution of bromine (37-5 g.) in carbon tetrachloride 
(100 c.c.) was gradually added to 3: 4: 5-triacetoxypent-l-ene (52 g.) in carbon tetrachloride (500 c.c.) 
at 10°. The product, isolated in the usual way, on distillation furnished 1 : 2-dibromo-3 : 4 : 5-tri- 
acetoxypentane (87 g.) as acolourless liquid, b. p. 125—130°/0-001 mm., which partly solidified on standing. 
The solid (35 g.) was separated from the liquid isomer, and crystallised from methanol in plates, m. p. 84° 
(Found : C, 32-8; H,4-1. C,,H,,O,Br, requires C, 32-7; H, 4-0%). 

3:4: 5-Triacetoxy-1 : 2-bisacetylthiopentane.—The solid dibromo-compound (65 g.) and potassium 
thiolacetate (50 g.) were dissolved in ethanol, refluxed for 6 hours, and worked up in the usual way to 
yield 3:4: 5-triacetoxy-1 : 2-bisacetylthiopentane as a red liquid (48 g.), b. p. 150—160°/0-001 mm. 
(Found: S, 15-9%), from which a small amount of solid was obtained on trituration with methanol at 
0°. It crystallised from this solvent in colourless needles, m. p. 92° (Found: C, 46-1; H, 5-4; S, 16-2. 
C,5H.20,5, requires C, 45-7; H, 5-6; S, 16-3%). Light absorption: see Table. The same liquid 
product, again depositing a small amount of the solid isomer, m. p. 92°, was also obtained by a similar 
reaction on the liquid dibromide. 

Deacetylation of 3:4: 5-Triacetoxy-1 : 2-bisacetylthiopentane.—To a stirred solution of the penta- 
acetate (4-2 g.) in methanol (50 c.c.), kept at —20° under nitrogen, a solution of N-methanolic barium 
methoxide (30 c.c.) was added, with efficient stirring, followed by dry ethanol (150 c.c.). The 
temperature was then allowed to rise to 10°, and, after a further 4 hour’s stirring, the barium salt of the 
dithiol, which had separated as a pale yellow solid, was filtered off, rapidly washed with acetone and 
ether, and dried in a vacuum over phosphoric oxide. Because of the ease of oxidation shown by such 
barium salts in the presence of air and moisture (see Part I, loc. cit.) no attempt was made to purify this 
product, which from its analysis probably contained some co-precipitated barium acetate (Found : 
Ba, 47-6; S, 15-6. C,H,,0,S,Ba requires Ba, 43-0; S, 20-05%). The thiol value, however (Found : 
thiol S, 14-1%), was satisfactory in comparison with the total sulphur content. 

DL-1 : 4-Dibromo-2 : 3-diacetoxybutane.—1 : 4-Dibromobut-2-ene, m. p. 53°, was prepared from 
butadiene by a modification (Owen, loc. cit.) of the method of Farmer, Lawrence, and Thorpe (/., 1928, 
737), and oxidised with neutral 5% aqueous potassium permanganate (Thiele, Joc. cit.). This was 
acetylated with acetic anhydride—acetic acid-sulphuric acid to give the diacetate, m. p. 99°. 

Tetva-acetyl 1 : 4-Dithiothreitol—The above diacetate (40 g.) was treated with potassium thiolacetate 
(30 g.) in boiling ethanol. Isolation by ether extraction of the diluted solution gave an oil (32 g.), 
b. p. 164°/2 mm., which solidified. Recrystallisation from methanol gave large prisms (24 g.) of 
tetra-acetyl DL-1 : 4-dithiothreitol, m. p. 73° (Found: C, 45-0; H, 5-7; S, 19-9. C,,H,,0,S, requires 
C, 44-7; H, 5-6; S,19-9%). Light absorption: see Table. 

1 : 4-Dithiothreitol— A solution of the tetra-acetate (21 g.) in N-methanolic hydrogen chloride 
(100 c.c.) was boiled under reflux for 4 hours, and then evaporated to an oil, which on distillation furnished 
1 : 4-dithiothreitol (9-2 g.), b. p. 125—130°/2 mm., crystallising from ether in fine needles, m. p. 42—43° 
(Found: C, 31-5; H, 6-75; S, 41-8; thiol S, 41-5. C,H,,O,S, requires C, 31-1; H, 6-5; 5S, 41-6%). 
The compound is readily soluble in water, alcohols, acetone, ethyl acetate, chloroform, and warm ether, 
and, particularly in the crude state, is somewhat hygroscopic. The diisopropylidene derivative was 
readily formed by treatment of a portion with dry acetone, containing 1% of concentrated sulphuric 
acid, for 24 hours at 20°. It crystallised from methanol in long needles, m. p. 78° (Found: C, 51-45; 
H, 7-8. Cy9H,,0,S, requires C, 51-2; H, 7-7%). 

Tetra-acetyl 1 : 4-Dithioerythritol.—meso-1 : 4-Dibromo-2 : 3-diacetoxybutane (10 g.) (Owen, Joc. cit.) 
and potassium thiolacetate (10 g.) in ethanol (75 c.c.) were refluxed for 2 hours. An equal volume of 
water was then gradually added, which dissolved the potassium bromide and precipitated a pale yellow 
solid, which was collected and washed with water. Purification by sublimation at 130° (bath 
temp.) /0-0001 mm. gave tetra-acetyl 1 : 4-dithioerythritol (7-5 g.), which crystallised from benzene or 
methanol in colourless plates, m. p. 126° (Found: C, 45-0; H, 5-6; S, 19-7. C,,H,,0,S, requires 
C, 44-7; H, 5-6; S,19-9%). Light absorption : see Table. 

1 : 4-Dithioerythritol. (This preparation was kindly carried out by Mr. P. Bladon, B.Sc., A.R.C.S.)— 
The above tetra-acetate (6-6 g.) was boiled under reflux with N-methanolic hydrogen chloride (30 c.c.) 
for 5 hours in nitrogen. The solution was then evaporated under reduced pressure to a solid residue 
(3-2 g., 100%), which, after drying in a vacuum over potassium hydroxide, crystallised from dry ether— 
light petroleum (b. p. 40—60°) as a voluminous mass of small plates (2-7 g.), m. p. 80—82°, raised to 
82—-83° on further recrystallisation from the same solvent (Found: C, 31-4; H, 6-45; S, 40-9; thiol 
S, 41-1. C,H,)0,S, requires C, 31-1; H, 6-5; S, 416%). The diisopropylidene derivative, obtained in 
theoretical yield by the method used for the stereoisomer, crystallised from light petroleum (b. p. 40—60°) 
- ror, en m. p. 145° (Found: C, 51-25; H, 7-9; S, 27-3. C,9H,,0,S, requires C, 51-2; H, 7-7; 

> 27-4% . 

Action of Hydrogen Bromide on Hexa-acetyl Mannitol.—(a) The hexa-acetate (100 g.) was suspended 
in 50% hydrogen bromide in acetic acid (500 g.) and left at room temperature for 9 months, with 
occasional shaking. The solid tetra-acetyl 1 : 6-dibromohydrin was then collected and dried in a vacuum 
over potassium hydroxide. It crystallised from acetic acid in large prisms (10 g.), m. p. 199° (Found : 
Br, 33-6. Calc. for C,,H,,0,Br,: Br, 33-6%). 

(b) The hexa-acetate (5 g.) in the same reagent (30 c.c.) was heated at 100° for 2 hours. The solid 
(0-1 g.), which separated on cooling, crystallised from ethanol in prisms, m. p. 138° (Found: Br, 74-3. 
Calc. for CsH,,0,Br,: Br, 74-2%). 

(c) The hexa-acetate (5 g.) in 30% hydrogen bromide in acetic acid (25 c.c.) was heated at 35°, 
samples being removed at intervals, precipitated with water, taken up in-chloroform, washed with 
sodium hydrogen carbonate solution, evaporated to constant weight at 80°/20 mm., and analysed for 
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bromine content, with the following results: 19-9 (1 hour); 29-8 (2 hours); 36-8 (4 hours); 41-6 
(8 hours) (Calc. for C,,H,,O,Br,: Br, 33-6%). 

(d) The hexa-acetate (150 g.) was suspended in 25% hydrogen bromide in acetic acid (700 g.) and 
kept at 35° for 9 hours. The 1 : 6-dibromide (25 g.) was collected and recrystallised from acetic acid in 
prisms, m. p. 200°. 

Action of Hydrogen Bromide on Hexa-acetyl Sorbitol_—The hexa-acetate (0-5 g.), on treatment with 
25% hydrogen bromide in acetic acid (3 c.c.) for 6 hours at 37° gave 2:3: 4: 5-tetra-acetyl 
sorbitol 1 : 6-dibromohydrin (0-15 g.), which crystallised from acetic acid in prisms, m. p. 196° (Found : 
C, 35-4; H, 4:3. C,,H,.O,Br, requires C, 35-8; H, 4:3%). 

Hexa-acetyl 1 : 6-Dithiomannitol.—A suspension of the tetra-acetyl mannitol dibromohydrin (24 g.) 
in ethanol (150 c.c.) containing potassium thiolacetate (15 g.) was boiled under reflux for 7 hours. After 
dilution with water the solid hexa-acetyl 1 : 6-dithiomannitol (22 g.) was collected and recrystallised from 
acetic acid in plates, m. p. 188° (Found: C, 46-2; H, 5-6; S, 13-3. C,gH,gQ.9S, requires C, 46-3; 
H, 5-6; S, 13-7%). It was almost insoluble in water, alcohol, and ether; moderately soluble in 
chloroform, hot dioxan, and hot acetic acid. 

1 : 6-Dithiomannitol.—The hexa-acetyl dithiol (20 g.) was boiled under reflux with N-methanolic 
hydrogen chloride (200 c.c.) for 6 hours under nitrogen and then evaporated to dryness. 
Recrystallisation of the residue from water (30 c.c.) gave a product (6-5 g.), m. p. ca. 166°, showing 87% 
of the theoretical thiol value. Several recrystallisations from water or dioxan gave colourless needles of 
1 : 6-dithiomannitol, m. p. 172° (Found: C, 34-0; H, 6-5; S, 29-5; thiol S, 29-8. C,H,,0,S, requires 
C, 33-6; H, 6-6; S, 29-9%). The compound is surprisingly sparingly soluble in cold water, and, though 
soluble in dilute aqueous alkali, is reprecipitated on acidification, except when the neutralisation is 
effected by boric acid. The enhanced solubility in the presence of borates is not unexpected, in view of 
the known tendency of polyhydric alcohols to undergo complex-formation with boric acid. 

Reactions of Du-2 : 3-Dibromo-1 : 4-diacetoxybutane.—(a) The dibromide, m. p. 87° (145 g.), and 
potassium thiolacetate (112 g.) were boiled under reflux in ethanol (500 c.c.) for 4 hours. The solution, 
which had become very dark, was then diluted with water (2000 c.c.), filtered to remove the precipitated 
sulphur, and extracted with ether. Distillation of the product gave a main sulphur-free fraction (52 g.), 
b. p. 130°/18 mm., n?!° 1-4498, consisting of 1 : 4-diacetoxybut-2-ene, characterised by reaction of a 
portion with bromine in carbon tetrachloride solution to give the original dibromide, m. p. and mixed 
m. p. 87°. 

(6) A solution of the dibromide (4 g.) and thiolacetic acid (2-5 g.) in dry pyridine (25 c.c.) was kept at 
room temperature for 48 hours. Most of the pyridine was then removed under reduced pressure, and the 
residue was taken up in ether, washed with dilute sulphuric acid, and with water, dried (Na,SO,), and 
evaporated to a semi-solid residue. The solid material consisted of a mixture of unchanged dibromide 
and sulphur; the liquid portion was 1 : 4-diacetoxybut-2-ene, b. p. 124°/17 mm., n}" 1-4500. 

(c) The dibromide (7 g.) was dissolved in 7% methanolic sodium hydrogen sulphide (70 c.c.) and kept 
for 5 days at 18—20°. On acidification, sulphur was precipitated, and extraction of the filtrate yielded 
only 1 : 4-diacetoxybut-2-ene, b. p. 125°/17 mm., n}" 1-4502. 

Reactions of the Dichloro-compounds with Potassium Thiolacetate.—These were carried out under the 
same conditions as for the corresponding dibromides, except that a longer time of heating was necessary, 
preliminary experiments having shown that much unchanged material was recovered if the reaction was 
stopped after 2—3 hours. The reaction mixtures, which became very dark, were worked up in the 
usual way. 

(a) No identifiable products were obtained from 1 : 3-dichloro-2 : 4-diacetoxybutane, 2 : 3-dichloro- 
1 : 4-diacetoxybutane, or tetra-acetyl mannitol 1 : 6-dichlorohydrin. 

(b) 1: 2-Dichloro-3 : 4-diacetoxybutane (5 g.) and potassium thiolacetate (5 g.), refluxed in ethanol 
(50 c.c.) for 16 hours, gave a semi-solid product (0-6 g.), b. p. 120—150°/0-001 mm., which 
on crystallisation from methanol gave 0-15 g. of the higher-melting stereoisomer of 1 : 2-dimercapto- 
butane-3 : 4-diol tetra-acetate, m. p. and mixed m. p. 78°. 

(c) erythro-1 : 4-Dichloro-2 : 3-diacetoxybutane (Owen, Joc. cit.) (7 g.) and potassium thiolacetate 
(7 g.) were refluxed in ethanol (100 c.c.) for 14 hours. The semi-solid product (0-8 g.) gave 0-2 g. of 
] : 4-dithioerythritol tetra-acetate, m. p. and mixed m. p. 126°, after crystallisation from methanol. 

(d) threo-1 : 4-Dichloro-2 : 3-diacetoxybutane (3 g.) and potassium thiolacetate (3 g.) in ethanol 
(40 c.c.) were refluxed for 12 hours. The product distilled at ca. 120°/0-0001 mm. as an oil (0-7 g.) which 
deposited 0-05 g. of 1 : 4-dithiothreitol tetra-acetate, m. p. and mixed m. p. 73° after crystallisation 
from methanol. 

3-Acetoxy-1 : 2-bisacetylthiopropane (Triacetyl BAL).—Acetylation of BAL (50 g.) with acetic 
anhydride (250 g.) and fused sodium acetate (60 g.) gave the triacetate (98 g.), b. p. 139°/0-1 mm., 3° 
a (Found: C, 43-4; H, 5-5. C,jH,,0,S, requires C, 43-2; H, 56%). Light absorption: see 

able. 

Hydrolysis of Triacetyl BAL.—(a) The triacetate (20 g.) was heated under reflux in N-methanolic 
hydrogen chloride (100 c.c.) for 3 hours; the thiol content of the solution had then become constant at the 
calculated value. The cooled solution was neutralised with barium carbonate, filtered, and evaporated, 
and the product was distilled to give a main fraction (4-3 g.), b. p. 105—107°/7 mm., n}§* 1-5730, 
consisting essentially of BAL (purity by iodine titration, 94%). A higher-boiling residue (2 g.) was not 
further examined. 

(b) The triacetate (16 g.) was stirred with 20% aqueous sodium hydroxide (100 c.c.) at 20° under 
nitrogen. After 48 hours, the thiol value of the solution became constant at 64% of the theoretical. 
After 72 hours, the solution was acidified with hydrochloric acid and continuously extracted with ether 
for 24 hours. Removal of ether from the dried extract and distillation of the product gave a main 
fraction (2-8 g.), b. p. 100°/8 mm., »}®° 1-5730, consisting of BAL (purity, by iodine titration, 97%), 
and a second fraction (1-4 g.), b. p. 160—170°/0-001 mm., }5° 1-6070 (Found: thiol S, 32-0%); the 
residue in the distillation flask amounted to 2-3 g. 

2 : 3-Bismethylthiopropanol.—Methy] sulphate (40 g.) was added dropwise to a vigorously stirred 
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solution of BAL (20 g.) in 20% aqueous sodium hydroxide (100 c.c.), at 75—95° under nitrogen, during 
1 hour. Extraction of the cooled solution with ether and fractionation of the product gave the 
di-S-methyl ether as a colourless oil (18 g.), b. p. 127—130°/9 mm., nj" 1-5488, which gave no thiol reaction 
(Found : C, 39-7; H, 8-0. C,;H,,OS, requires C, 39-4; H, 795%). The a-naphthylurethane crystallised 
from light petroleum in needles, m. p. 71° (Found: C, 59-7; H, 6-0. C,,H,,O,S,N requires C, 59-75; 
H, 5-95%). 


The authors are indebted to Sir Ian Heilbron, D.S.O., F.R.S., for his continued interest, and to the 
Medical Research Council for a grant. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W.7. [Received, April 29th, 1948.] 





NOTES. 


The Nitration of 4-Hydroxyquinoline. By A. ApaAms and D. H. HEy. 


In a recent communication Gouley, Moersch, and Mosher (J. Amer. Chem. Soc., 1947, 69, 303) have 
reported the nitration of 4-hydroxyquinoline at 0—5°. They obtained in 91% yield a mixture of 
nitro-4-hydroxyquinolines which on treatment with ae eee oxychloride gave a mixture of 4-chloro- 
nitroquinolines, from which a compound regarded as 4-chloro-3-nitroquinoline, m. p. 145°, was isolated 
in approximately 50% yield. To some extent the experimental evidence points to the formation of 
the 6-nitro- rather than the 3-nitro-compound. The m. p. of the crude nitration product (290—301°) 
is nearer the value of 325° (corr.) for the m. p. of 6-nitro-4-hydroxyquinoline reported by Bachman 
and Cooper (J. Org. Chem., 1944, 9, 303), and that of 290—-295° (decomp.) for the crude compound by 
Baker, Lappin, Albisetti, and Riegel (J. Amer. Chem. Soc., 1946, 68, 1267), than that of > 325° for the 
m. p. of 3-nitro-4-hydroxyquinoline, reported by Bachman, Welton, Jenkins, and Christian (J. Amer. 
Chem. Soc., 1947, 69, 368). Further, Gouley, Moersch, and Mosher’s 4-chloronitroquinoline, m. p. 145°, 
which depressed the melting point of 4-chloro-5-nitroquinoline (m. p. 150°), melts at a temperature 
nearer that of the m. p. of 4-chloro-6-nitroquinoline, reported by Baker, Lappin, Albisetti, and Riegel 
(loc. cit.) as 141—141-5° and by Bachman and Cooper (/oc. cit.) as 142-5°, than that of 4-chloro-3-nitro- 
quinoline, first meee by Bachman, Welton, Jenkins, and Christian (loc. cit.) as 121—122°. The 
constitution put forward by Gouley, Moersch, and Mosher is based on the fact that, after reducing 
their 4-chloronitroquinoline first with iron powder and then with Raney nickel, they obtained an amino- 

uinoline, m. p. 94°, regarded as 3-aminoquinoline. 3-Aminoquinoline is reported by Mills and Watson 


(J., 1910, 746 ‘to melt at 94°, whereas 6-aminoquinoline is —— by La Coste (Ber., 1883, 16, 672) 


to melt at 114° (not 107° as stated by Gouley, Moersch, and Mosher). 

The nitration of 4-hydroxyquinoline has now been repeated, using the conditions described by 
Gouley, Moersch, and Mosher, and the nitration product, after crystallisation from glacial acetic acid, 
showed a depression in m. p. when mixed with an authentic specimen of 3-nitro-4-hydroxyquinoline, 
prepared as described by Bachman, Welton, Jenkins, and Christian (loc. cit.). The nitro-4-hydroxy- 
quinoline was treated with phosphorus oxychloride to give a 4-chloronitroquinoline, m. p. 142-5—143°, 
which, when heated with p-chloroaniline, gave 6-nitro-4-p-chloroanilinoquinoline, identified by a mixed 
m. p. with an authentic specimen. The main product of the nitration of 4-hydroxyquinoline under the 
experimental conditions used is thus shown to be 6-nitro-4-hydroxyquinoline.* 

6-Nitro-4-hydroxyquinoline (cf. Gouley, Moersch, and Mosher, loc. cit.).—A cooled mixture of con- 
centrated sulphuric acid (10 c.c.) and fuming nitric acid (d 1-5; 10 c.c.) was added, with stirring, over 
a period of 45 minutes, to a solution of 4-hydroxyquinoline (10-0 g.) in concentrated sulphuric acid 
(45 c.c.). The mixture was kept at 0—5° during the addition, and for 1} hours afterwards. The 
product was poured on crushed ice (500 g.), and basified with ammonia. The precipitate was collected, 
washed with water, and dried. The crude 6-nitro-4-hydroxyquinoline was obtained as a yellow crystal- 
line powder (9-9 g.), m. p. 275—290°. Recrystallisation gave a yellow crystalline powder, m. p. 
308—313° (from ethanol), and greenish-white needles, m. p. 310—315° (from glacial acetic acid). The 
products showed no depression in m. p. when mixed together, but each gave a depression when mixed 
with an authentic specimen of 3-nitro-4-hydroxyquinoline. Evaporation of the ammoniacal filtrate 
gave Po ge © em (0-8 g.). 

6-Nitro-4-p-chloroanilinoquinoline.—6-Nitro-4-hydroxyquinoline (7-2 g.) was refluxed with phos- 
phorus oxychloride (30 c.c.) for 90 minutes, and the mixture cooled and poured on ice. The solution 
was made just alkaline with ammonia, and the precipitated 4-chloro-6-nitroquinoline collected, washed 
with water, dried, and recrystallised from methanol (6-4 g.; m. p. 142-5—143°). A mixture of 4-chloro- 
6-nitroquinoline (2-6 g.) and p-chloroaniline (1-5 g.) was heated at 210°; the temperature quickly rose 
to 300°, and was kept there for 10 minutes. The product was then cooled, and dissolved in glacial 
acetic acid. The solution was diluted with water, filtered from a black insoluble impurity, and neutral- 
ised with aqueous potassium hydroxide. The precipitated 6-nitro-4-p-chloroanilinoquinoline was 
collected, washed with water, and dried. It was obtained as a yellow-brown crystalline powder (2-2 g.), 
m. p. 214—223°. Repeated recrystallisation from toluene raised the m. p. to 235—237°, which was 
not depressed on admixture with an authentic specimen prepared as described by Bennett, Crofts, 
and Hey (this vol., p. 227). 


* Since this communication was submitted for publication, Schofield and Swain (Nature, 1948, 161, 
690) have also drawn attention to the fact that the main nitration product of 4-hydroxyquinoline is 
the 6-nitro-derivative. 
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Action of Aromatic Nitroso-compounds on 1 : 3-Diphenylisobenzofuran. By AHMED MusTAaFa. 


THE action of aromatic nitroso-compounds on 1 : 3-diphenylisobenzofuran (I) has not hitherto been 
reported. With nitrosobenzene and p-nitrosodimethylaniline it gives the addition compounds (III and 
IV), respectively. This reaction may be explained by assuming that (I) dissociates and the free radical 
(Ia), thus produced (cf. Adams and Gold, J. Amer. Ghem. Soc., 1940, 62, 2038), reacts with the 
nitroso-group (compare the interaction of nitrosobenzene and the triphenylmethyl radical; Goldschmidt 
and Christman, Annalen, 1925, 442, 246) : 


Ph 
CPh 


N/A" y é 
| | A + R-NO —_ OG NR 
a WA 
h 
(Ia; A =O.) 


The fact that the addition products (III and IV) are almost colourless and decompose when heated at 
270°, giving (I) [compare the thermal decomposition of the addition compound (VI), obtained by the 
action of maleic anhydride on (I), into its generators (Barnett, J., 1935, 1326)], favours the given 
structure. When the thermal decomposition of (III) was carried out at 270° in a sealed tube and the 
melt chilled in ice-water as soon as possible, the compound (VIIa) was obtained (cf. Schénberg and 
Mustafa, Nature, 1947, 160, 401; Schénberg ef al., J., 1948, 2126). 


r ee 
OX e eiee>° C Ly 
OY W_ pe 


(VI.) (VIIa, A = O; VIIb, A = S.) 


On the other hand, the sulphur analogue of (I), 1 : 3-diphenylisobenzothiophen (II), is stable to the 
action of maleic anhydride in boiling xylene (Dufraisse and Daniel, Bull. Soc. chim., 1937, 4, 2063); it is 
also stable to the action of nitrosobenzene and does not undergo dimerisation when its benzene solution 
is exposed to sunlight [compare the dimerisation of (I) in sunlight (Guyot and Catel, ibid., 1906, 35, 1127 
or by the action of heat (Schénberg and Mustafa, Joc. cit.)]. The difference in behaviour of (I) and:(II 
towards these reagents is shown by the fact that the resulting product formed in each case from (II), 
e.g., (V) or (VIIb), dissociates into its components under the experimental conditions. "When the benzene 
solution of (II) was exposed to sunlight in the presence of oxygen, o-dibenzoylbenzene was obtained 
[compare the rapid absorption by solutions of (I) of atmospheric oxygen to afford o-dibenzoylbenzene 
(Guyot and Catel, doc. cit.; Adams and Gold, loc. cit.)]. 

Experimental.—Reaction of 1 : 3-Diphenylisobenzofuran (I).—(i) With nitrosobenzene. A solution of 
(I) (Guyot and Catel, Joc. cit.) (1 g.; 1 mol.) in warm absolute ethyl alcohol (15 c.c.) was heated on a 
steam-bath with nitrosobenzene (0-8 g.; 2 mols.) and 6 drops of piperidine for 5 minutes. The mixture 
acquired a blue colour which changed to green and became brown at the end of the reaction. It was left 
overnight in the ice-chest. The solid that separated was washed with a small amount of cold ethyl 
alcohol and crystallised from benzene-light petroleum (b. p. 30—50°), m. p. 230° (brown melt) (Found : 
C, 82-6; H, 5-0; N, 3-5. C,.H,,O,N requires C, 82-8; H, 5-1; N, 3-7%). The addition product (III) 
was soluble in hot ethyl alcohol and benzene and difficultly soluble in cold ethyl alcohol and light 
petroleum (b. p. 3 0°); it gave a reddish-orange colour when treated with sulphuric acid. 
When (IIT) (1 g.) was heated in a stream of dry carbon dioxide for $ hour at 270° (bath temp.), oily drops 
collected on the walls of the tube; after 48 hours these solidified and were extracted with hot light 
petroleum (b. p. 70—80°). The residue after evaporation crystallised from benzene-light petroleum 
(b. p. 30—50°) as yellow-orange crystals of (I) (m. p. 125—126° and mixed m. p.). The thermal 
decomposition was repeated in a sealed Pyrex tube which was then chilled as quickly as possible with the 
help of an ice-salt mixture (cf. Schénberg and Mustafa, loc. cit.). The contents of the tube, after being 
washed several times with light petroleum (b. p. 50—70°), were dissolved in hot acetic acid; on slow 
cooling, the dimer (VIIa) was obtained as colourless crystals (identified by m. p. and mixed m. p.). 

(ii) With p-nitrosodimethylaniline. A solution of (I) (1 g.) in warm absolute ethyl alcohol (20 c.c.) 
was treated with p-nitrosodimethylaniline (1-1 g.) and 6 drops of piperidine as described above. The 
mixture became green, changing to brown at the end of the reaction. It was left overnight at room 
temperature, and the solid that separated was filtered off, washed with cold methyl alcohol, and 
crystallised from benzene-light petroleum (b. p. 30—50°); m. p. 220° (red-brown melt). The addition 
compound (IV) (Found: C, 80-1; H, 5-5; N, 6-4. C,,H,,O,N, requires C, 80-0; H, 5-7; N, 6-6%) was 
difficultly soluble in methyl] alcohol and soluble in hot benzene and xylene. 
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The same addition compound was obtained when a solution of equimolecular amounts of (I) and 
p-nitrosodimethylaniline in the minimum of dry pyridine was heated for a few minutes on the steam-bath, 
followed by addition of methyl alcohol (about 3 c.c.). 

When (IV) (1 g.) was heated in a stream of dry carbon dioxide, as described for (III), (I) was obtained 

m. p. and mixed m. p.).—Fouap I UNIvVERsiTy, FACULTY oF SCIENCE, ABBASSIA, CAIRO, Ecypr. 
Rcdived April 6th, 1948.] 





The Friedel-Crafts Reaction between Succinic Anhydride and | : 2-Diphenylethane. 
By S. D. NicHoras and F. Situ. 


THE reaction between succinic anhydride and 1: 2-diphenylethane (dibenzyl) in the presence of 
aluminium chloride was examined in order to obtain intermediates for the preparation of basic compounds 
of possible physiological activity (Smith et al., J., 1946, 524, 526, 528, 665). The reaction afforded a 
monobasic acid, 1-phenyl-2-8-carboxypropiophenylethane, and a greater proportion of a dibasic acid, 
1 : 2-di-(8-carboxypropiophenyl)ethane, which arise by the interaction of the hydrocarbon with one and 
two moles respectively of succinic anhydride. This is in contrast to diphenyl which combines with one 
molecular proportion of the succinic anhydride (Hey and Wilkinson, J., 1940, 1030; Weizmann, 
Bergmann, and Bograchov, Chem. and Ind., 1940, 59, 402; cf. Haworth, et al., J., 1932, 1125, 1784, 2248, 
2720; 1934, 454). 
The dibasic acid was transformed successively into the corresponding ester and amide by the usual 
rocedures. The amide showed a marked tendency to yield a blue compound on being heated just above 
its m. p. (256°) or even on being heated in glacial acetic acid or especially in formamide solution. The 
blue substance was not characterised. 

1 : 2-Di-(B-carboxypropiophenyl)ethane and 1-Phenyl-2-B-carboxypropiophenylethane.—To a solution of 
aluminium chloride (10 g.) in nitrobenzene (30 c.c.), a mixture of succinic anhydride (4 g.) and dibenzyl 
(2 g.) was added at room temperature. After 2 days at room temperature the mixture was poured into 
. 1ce—water; concentrated hydrochloric acid (20 c.c.) was added, and the mixture subjected to steam 
distillation to remove nitrobenzene. 

Extraction of the dark tarry residue (4-2 g.) with a boiling mixture of glacial acetic acid (50 c.c.) and 
water (125 c.c.), followed by cooling of the extract, gave a yellow solid (1-9 g.), m. p. 223° with previous 
softening at 210°. A second extraction with a boiling mixture of glacial acetic acid (70 c.c.) and water 
(65 c.c.) gave a further 0-4 g. of product. 

Recrystallisation of the combined products (2-3 g.) from glacial acetic acid gave 1 : 2-di-(B-carboxy- 
propiophenyljethane (1-35 g.), m. p. 256° (decomp.) (Found: C, 68-9; H, 6:2; equiv., 190. C,,H,,O, 
requires C, 69-1; H, 58%; equiv., 191). 

To the mother liquors, obtained from the recrystallisation of the di-acid, excess of water was added. 

Purification of the precipitated material (0-6 g., m. p. 160—175° with poe softening at 135°) by 
crystallisation from glacial acetic acid gave a small amount (0-1 g.) of the di-acid, m. p. 245—250°, 
followed, upon controlled addition of water, by a substance (0-35 g.), m. p. 130° (after further 
crystallisation either from aqueous acetic acid or carbon tetrachloride), believed to be the monobasic 
acid, 1-phenyl-2-B-carboxypropiophenylethane (Found: C, 76-4; H, 6-6. Calc. for C,,H,,0,: C, 76-6; 
H, 6-4%). 
When the dibasic acid (3-2 g.) was boiled for 6 hours with methyl alcohol (375 c.c.) containing sulphuric 
acid (2 c.c.), the corresponding ester was formed. It was isolated by pouring the reaction mixture into 
water. Recrystallisation from ethyl alcohol gave the methyl ester (3-2 g.), m. p. 119° (Found: C, 70-2; 
H, 6-1; OMe, 14-6. C,,H,,O, requires C, 70-2; H, 6-4; OMe, 15-1%). 

Treatment of a solution of the ester (1-5 g.) in methyl alcohol (430 c.c.) with ammonia at 0° followed 
by several days in the refrigerator gave a crystalline deposit consisting chiefly of the diamide (0-8 g.) 
(Found: C, 69-6; H, 6-6; N, 5-9. Calc. for C,,H,,O,N,: C, 69-3; H, 6-4; N, 7-4%). The amide was 
purified as far as possible by extraction of unchanged ester with boiling methyl alcohol. Attempts to 
crystallise it from other solvents such as glacial acetic acid or formamide resulted in the formation of a 
deep blue solution from which a blue product was obtained. This was particularly noticeable when 
formamide was used. Rapid crystallisation from dimethylformamide or glacial acetic acid in the 
presence of charcoal was fairly successful. The substance melts at 238° with the production of a di 
blue melt. It is believed that this blue substance, which may arise as a result of further cyclisation, is 
worthy of further attention—TuHr A. E. Hitts Lasoratory, THE UNIVERSITY, EDGBASTON, 
BrrRMINGHAM, 15. ([Received, April 24th, 1948.] 





The Reaction between Acetanilide and Toluene-p-sulphonyl Chloride in Presence of Aluminium Chloride. 
By H. Burton and P. F. Hv. 


ACETANILIDE and toluene-p-sulphonyl chloride have been found to react in presence of aluminium 
chloride in nitrobenzene at 150—160° to give, after hydrolysis, two compounds in widely differing 
proportions. The minor one, which contained sulphur, appeared to be 4-amino-4’-methyldiphenyl 
sulphone, whilst the major —— was undoubtedly NN’-diphenylacetamidine. 

A solution of acetanilide (20 g.; 0-15 mol.) and toluene-j-sulphonyl chloride (30 g.; 0-15 mol.) 
in nitrobenzene (50 c.c.) was stirred mechanically at 150—160° (bath temp.) and treated with powdered 
aluminium chloride (25 g.) added in portions. Heating and stirring were continued for a further 
3 hours, and the resulting dark, viscous solution decom with ice and hydrochloric acid. The 
nitrobenzene was removed completely by steam distillation, and the residual aqueous solution con- 
centrated to ca. 200 c.c. Fine needles (A) separated from the cooled solution. Evaporation of the 
filtrate to ca. 50 c.c. gave a second crop (B) of crystalline material. 

Solid (A), m. p. 216° after crystallisation from alcohol, was basified to yield 4-amino-4’-methyl- 
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diphenyl sulphone (3-7 g.), m. p. 182—183°, after crystallisation from alcohol (Found: C, 62-7; H, 5-2. 
C,3H,,;0,NS requires C, 63-1; H, 5-2%). Nitrogen and sulphur were shown to be present by Lassaigne’s 
test. 

The solid obtained by basifying (B) separated from alcohol in prisms (12 g.), m. p. 132—133° 
(Found: C, 79:3; H, 6-8; N, 12-8. C,,H,,N, requires C, 80-0; H, 6-7; N, 13-3%). Busch and 
Hobein (Ber., 1907, 40, 4297) give m. p. 132°. 


We thank the British Council for a scholarship to one of us (P. F. H.).—THE UNIversity, LEEDs, 2. 
(Received, April 28th, 1948.] 





The Mechanism of the Formation of Diphenyl Sulphoxide from Phenylmagnesium Bromide and 
Thiophen-2-sulphonyl Chloride. By H. Burton and P. F. Hu. 


In order to explain the production of diphenyl sulphoxide from phenylmagnesium bromide and thiophen- 
2-sulphony] chloride, in boiling benzene, Burton and Davy (J., 1948, 528) suggested that the following 
intermediate reaction might occur: ArSO,*MgBr + MgPhBr— >» Ar-MgBr + Ph’SO,-MgBr. If 
one assumed that this reaction occurred exclusively, the formation of 1 molecule of diphenyl sulphoxide 
from 1 molecule of thiophen-2-sulphony] chloride would require 3 molecules of phenylmagnesium bromide, 
owing to the following reactions taking place : 


(i) Ar-SO,Cl + MgPhBr —> Ar-SO,*MgBr + PhCl; 
(ii) Ar-SO,*MgBr + MgPhBr —-> Ar-MgBr + Ph-SO,*MgBr; 
(iii) Ph-SO,-MgBr + MgPhBr ——> Ph,SO + (MgBr),O (see Burton and Davy, Joc. cit.). 
(Ar = 2-thienyl) 


The reaction mixture would clearly contain 1 mol. of 2-thienylmagnesium bromide which should be 
capable of being detected by, for example, carbonation, since thiophen-2-carboxylic acid would be 
produced. Our preliminary experiments in this direction indicated that carbonation of the 2-thienyl- 
magnesium bromide was slow, but, after treatment of such a reaction mixture with dry carbon dioxide 
for 20 hours, we were able to isolate about 30% of the calculated amount of the thiophen-2-carboxylic 
acid with little or no benzoic acid. We conclude, therefore, that the above mechanism accounts 
satisfactorily for our previous results. 

Experimental.—Thiophen-2-sulphonyl chloride (9-1 g.; 0-05 mol.) in benzene (75 c.c.) was added 
slowly with stirring to cold, ethereal phenylmagnesium bromide (0-15 mol.), and the mixture then refluxed 
for 20 hours. Dry carbon dioxide was then passed into the mixture, cooled to room temperature, 
for 20 hours with stirring; ether was added at intervals to maintain a constant volume. Decomposition 
with ice and 50% sulphuric acid and extraction of the aqueous phase with 3 successive portions of 
benzene gave a combined ether—benzene extract which was washed with cold water, and then extracted 
with 2N-sodium hydroxide (40 c.c.). Acidification of the alkaline extract gave, after extraction with 
ether and evaporation, 2 g. (31%) of thiophen-2-carboxylic acid, m. p. 124—126° after crystallisation 
from water (Found: S, 26-1. Ic. for C;H,O,S: S, 25-0%). The acid was further characterised by 
conversion through the acid chloride into the amide, colourless needles from water, m. p. 175—176°. 
In another experiment the thiophen-2-carboxylic acid, m. p. 124—126°, was found to contain S, 23-1% 
(equivalent to 92-4% of the acid). 


We thank the Universities China Committee for financial assistance to one of us (P. F. H.).—THE 
UNIVERSITy, LEEDs, 2, and Kinc’s COLLEGE OF HOUSEHOLD AND SOCIAL SCIENCE, W.8. [Received, 
April 28th, 1948.] ; 
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OBITUARY NOTICES. 


WILLIAM CARRICK ANDERSON. 
1871—1948. 


WILLIAM CARRICK ANDERSON was born at Brechin on August 29th, 1871. He was educated at 
Brechin High School, Glasgow Academy, and the University of Glasgow, where he graduated 
B.Sc. in 1893 and M.A. in the following year. At the University he achieved early distinction in 
chemistry by winning the Joseph Black Medal and the Mackay Smith Scholarship, but the 
breadth of his interests was shown, at that early date, by the award to him of class prizes in 
Latin, Greek, Logic, and Natural Philosophy. While an undergraduate, he spent summer 
vacations in the laboratories at Anderson’s College (now the Royal Technical College), and there 
is no doubt that his association with Dittmar during these periods contributed to his outlook. 

Appointed to the teaching staff at the University in 1896, Anderson became Lecturer on 
Metallurgical Chemistry in 1900, the post from which he resigned in 1904 to seek the wider 
opportunities of private consulting practice. In these early years of teaching he continued to 
use the opportunities of the long vacations by attending courses at the Royal School of Mines, 
the Royal Mint, and the Polytechnicum at Zurich. 

As a young graduate Anderson began a systematic study of the chemistry of coal and its 
utilisation, a subject which, in spite of the variety of technical investigations falling to his lot 
as a consultant, was to remain a primary interest throughout his active career. It was for his 
researches on this subject that he was awarded the degree of D.Sc. by the University of Glasgow 
in 1899. During thirty odd years of consulting practice he carried out research work on widely 
varied problems of technical importance such as the manufacture of shellac, preservation of 
timber, corrosion of metals, and the manufacture of tea, an investigation which led him to visit 
India and Ceylon in 1908, illustrating the characteristic thoroughness and care which he applied 
to his work. A more than passing interest in economics is reflected in Anderson’s work, and he 
undoubtedly enjoyed being a severe critic of many undertakings which fell short of the standards 
of his outlook. 

In addition to the publication of the results of his investigations, Anderson contributed 
many articles on chemical topics to the popular press. He had a ready pen and a gift of 
expression which only thinly veiled his keen sense of humour. 

The grandson of a clergyman, Anderson had a deep-rooted and life-long affection for his 
church and at the time of his death was Senior Elder of Wellington Church in Glasgow. 

Anderson was happy in his family life and he felt keenly the death of his wife, Jessie Gibson 
McKerrow, two years ago, at a time when he himself was in failing health; he is survived by a 
son and two daughters. 


J. BEL. 





WILLIAM CULLEN. 
1867—1948. 


WILL1AM CULLEN, who for at least two generations held a unique position in the chemical and 
metallurgical world, died at Edinburgh on August 15th, 1948, at the age of 81. Born in Glasgow, 
Cullen was educated at Hutchison’s Grammar School and at the Andersonian College (now the 
Royal Technical College) where he was assistant to Professor Dittmar for seven years. After 
a subsequent course in metallurgy at Freiburg, he entered Nobel’s Explosives Company as a 
chemist, and began a lifetime’s connection with the explosives industry. He served for eight 
years with Nobels and three with Kynoch’s Ltd., and in 1901 went to South Africa as general 
works manager of the British South African Explosives Company, a post he filled with conspicuous 
success during the difficult period of the Boer War and its aftermath. It was in South Africa 
that he blossomed into full maturity and became one of the leading personalities in the industrial 
and educational fields there. His vigour and versatility are shown by the fact that he became 
director of his company, President of the Chemical, Metallurgical, and Mining Society of South 
Africa, Honorary Secretary of the South African Association for the Advancement of Science, 
and Chairman of the South African Red Cross Society, served in the Johannesburg Mounted 
Rifles, of which he became second in command, and later was C.O. of the Imperial Light Horse 
for eight years. He was a close friend of Lord Milner and General Smuts. On the educational 
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side, Cullen was particularly associated with the founding of Witwatersrand University, which 
recognised his invaluable services by conferring on him the LL.D. degree in 1925. 

On his return to England in 1915, Cullen joined Lord Moulton’s staff at the Department of 
Explosives Supply, and started a record of all-round service here which is equalled by few 
scientists and surpassed by none. He became in due course President of the Institution of 
Mining and Metallurgy, President of the Institution of Chemical Engineers, and President of 
the Society of Chemical Industry. For some years he was Honorary Treasurer of the Univer- 
sities Bureau of the British Empire, Member of the Advisory Council on Mineral Resources, 
and Chairman of the Consultative Committee on Base Metals at the Imperial Institute. He 
retained throughout his life a particular interest in South Africa, but any industrial matter 
affecting the Empire anywhere was certain to attract his attention and receive his sympathetic 
consideration. 

But the foregoing bald outline of the high lights of Dr. Cullen’s very full life cannot give 
any clear idea of the lovable personal qualities of the man himself. A most genial companion, 
an entertaining conversationalist, and a fluent public speaker, he was at home in any company. 
He had that old-world charm of manner which was as pleasing as it is now rare. He wasa 
pioneering adventurer, always ready to help any good cause, and he was a source of encourage- 
ment particularly to the younger scientists to whom he showed great kindness while impressing 
on them the necessity for service and hard work. He himself was a born leader with tremendous 
drive. For many years he suffered acutely from an internal malady which would have 
embittered and probably overcome smaller men, but Cullen by sheer will-power carried on his 
good works and refused to give in, though he had practically been served with his death- 
warrant: after his cure had been fortuitously effected, he declared that the joy of living 
a normal life again was something no words could express. This experience no doubt 
helped greatly to make him the kind, genial, tolerant person we knew. 

The writer by a fortunate chance happened to be a fellow-passenger on one of Dr. Cullen’s 
frequent trips to South Africa, and no one could have wished for better company than that of 
himself and his charming first wife. She unfortunately died early in 1945 leaving Cullen a 
very lonely man. He is survived by his second wife, a married daughter (Mrs. Donovan), and 
three sons. 


Cullen was a great man whom it was a privilege to know, and we who are left are the poorer 
for his passing. ; 


J. WErrR. 





FREDERICK ALFRED MASON. 
1888—1947. 


FREDERICK ALFRED Mason was born on June 22nd, 1888. He was the son of Alfred W. Mason, 
an artist, and his wife Victoria, who were then living at 21 Queen Square, London, W.C. His 
early education was at Merchant Taylors’ School, whence he proceeded in 1906 as Sir 
Thomas White Scholar to St. John’s College, Oxford. In 1909 he took a first in Chemistry, and 
the following year was elected into a senior scholarship of his college. With this he went to the 
University of Munich where he took his Doctorate of Philosophy in 1912. He proceeded to the 
Oxford M.A. in 1919 and was elected a Fellow of the Royal Institute of Chemistry in 1922. 

His whole chemical career was spent in research, teaching, and educational administration. 
He was appointed a demonstrator at the Royal College of Science in 1914, but two years later 
joined the staff of British Dystuffs Corporation, undertaking research at Blackley and Oxford. 
In 1926 he returned to teaching, being appointed in succession to Professor Rowe as Lecturer in 
Tinctorial Chemistry and Dyestuffs at the College of Technology, Manchester. He -was 
appointed to be one of His Majesty’s Inspectors of Schools in 1931 in the technological branch, 
and by his promotion to Staff Inspector in 1935 became the leader of the small band of inspectors 
of pure and applied chemistry. As such he had a profound influence on the teaching of chemical 
subjects in technical colleges and in the formulation of the policy of the Board (now Ministry) of 
Education in these matters. In particular, he brought to fruition the recently adopted schemes 
for National Certificates in Pure and Applied Chemistry in conjunction with the Royal Institute 
of Chemistry. His tact and quiet but effective manner made him an admirable colleague, and 
his loss is keenly. felt by those who worked with him at the Ministry and on public bodies as well 
as \v many of the teachers of chemistry in the technical colleges. 

Mason’s first research work at Oxford was with F. D. Chattaway on the preparation of 
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halogen derivatives of malonanilide and related compounds (j., 1910, 97, 339); later, he 
published an oxidative study of papaveraldine with W. H. Perkin, Jun. (j., 1914, 115, 2013). 
During the first World War he published some work on intermediates for synthetic local 
anzsthetics, with A. T. King, and, after joining the staff of British Dyestuffs Corporation Ltd., 
he engaged in a long period of activity in dyestuffs chemistry, during which he published a 
number of papers in the Journals of the Chemical Society, the Society of Chemical Industry, 
and the Society of Dyers and Colourists on the preparation of naphthalene and quinoline 
derivatives and on the constitutions of dyes. He was active in work on the revision of the 
Colour Index and its Supplements. 

Mason died quite suddenly on September 19th, 1947. While on holiday at Bognor Regis he 
was called back to London for an important conference, and expired immediately on his return. 
He leaves a son and daughter of mature age by his first marriage, and a widow and two younger 
children of his second marriage, to all of whom the profound sympathy of his numerous friends 
is accorded. 

P. C. L. THoRNE, 





SAMUEL EDWARD SHEPPARD. 
1882—1948. 


SAMUEL EDWARD SHEPPARD was born on July 29th, 1882, in Catford, London, S.E., and died on 
September 29th, 1948, in Rochester, New York, U.S.A. 

After attending St. Dunstan’s College, Sheppard entered University College, London, in 1900, 
and in 1903 received the degree of B.Sc. by research, submitting a thesis on the theory of the 
photographic process which involved a repetition of the work of Hurter and Driffield with the 
use of improved apparatus and the physicochemical methods developed since that work had been 
done. His first papers were published jointly with C. E. K. Mees in 1903 and dealt with the 
kinetics of development. After graduation, Sheppard equipped a laboratory in his house, and 
there continued work on photographic science, publishing a long series of papers jointly with 
Mees until in 1906 he was awarded the D.Sc. degree for a thesis which was published with that 
of Mees by Longmans Green and Company in 1907 under the title ‘‘ Investigations on the Theory 
of the Photographic Process.” 

In 1906 Sheppard was awarded an 1851 Exhibition Scholarship for two years and went to 
Marburg, where he worked with Karl Schaum, a professor of photochemistry and the editor of 
the Zeitschrift fir Wissenschaftliche Photographie. Sheppard’s work was on the structure in 
solution of sensitizing dyes and particularly of pinacyanol, the red sensitiser discovered only a 
short time before by Homolka of the Hoechst Dye Works. The study of the structure and 
behaviour of dyes like pinacyanol continued to attract Sheppard’s attention throughout his 
entire life. After a year in Germany, Sheppard went to Paris, where he worked with Victor 
Henri at the Sorbonne on colloid chemistry. The time that Sheppard spent in France and 
Germany gave him an excellent knowledge of the language and a wide acquaintance with the 
scientific men of those countries, so that throughout his life he felt himself a citizen of the world 
and particularly at home in France and Germany. 

On his return to England in 1908, Sheppard found himself rather at a loose end, 
but eventually went to Cambridge and worked in the department of agricultural chemistry, 
where he studied the colloidal properties of bread doughs. 

In 1913 Sheppard was invited to take charge of the sections of physical and colloid chemistry 
in the new research laboratory organised by C. E. K. Mees for the Eastman Kodak Company. 
The first five years at Rochester were spent principally on a study of the physicochemical 
properties of gelatin, and a number of papers were published dealing with the measurement of 
the viscosity of gelatin solutions, the measurement of the jelly strength and the elastic 
properties of gelatin jellies, the setting and melting points of gelatins, the drying and swelling of 
gelatin, and the structure of gelatin in solution, in the jelly, and in the dry state. These early 
papers deal primarily with the definition of the properties to be measured, with methods of 
measurement, and with instruments for making the measurements. As soon as the methods 
were so perfected that reproducibility was possible, it became evident that further progress in 
the realm of the physical and chemical properties was dependent on the nature of the sample. 
This work culminated in 1929 in a description of a procedure for making a standard gelatin by 
methods easily reproduced in the laboratories. A scientifically valuable by-product of this work 
was the manufacture and consequent availability of such a standard de-ashed gelatin to 

s* 
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laboratories in general, biological as well as chemical. This line of work resulted in a series of 
papers in 1930 on the structure of sols and gels, papers which, at a time when the basic difference 
between these systems and ordinary solutions was poorly defined, clarified the differences and 
were a very helpful contribution to the discussions then occurring in the literature. 

During the First World War, the Kodak Research Laboratories were approached by the 
Submarine Defence Corporation with a problem relating to the use of finely divided coal as a 
fuel, the material being a waste product from the handling of coal. Sheppard found that, by 
the use of resin soaps as dispersants, powdered coal could be made into a stable suspension in 
fuel oil, and this material was utilised on a fairly large scale under the name “ colloidal fuel ”’. 
The patent that Sheppard obtained for this was assigned to the Submarine Defence Corporation. 

After the First World War, Sheppard began to turn his attention to the structure and 
properties of silver halide emulsions, and his first work took the form of a study of the 
distribution of the sizes of the silver halide grains in an emulsion, the intention being to work out 
the relation between this distribution and the sensitometric properties of the material. Thus 
began a long series of studies that are not yet completed though much progress has been made in 
the last thirty years. At the same time, working with Dr. Ludwik Silberstein and with Mr. 
A. P. H. Trivelli, Sheppard began to consider the action of light on the halides and the nature of 
sensitivity, and about 1923 a series of papers was published on the theory of photographic 
sensitivity and of exposure, which resulted in the presentation of the concentration 
speck hypothesis, according to which the sensitivity was related to discontinuities in the silver 
bromide lattice, presumably due to some foreign substance. At the same time a very notable 
group of studies was going forward on the measurement of size frequency distribution, which led 
to the development of microscopic methods by which the grain-size frequency distribution 
could be measured for practical silver bromide emulsions. 

The well known sensitising property of gelatin in the photographic process led to a systematic 
study of the difference between photographic gelatins in their sensitising power and the nature 
of the substance in gelatin which conferred sensitivity. By a painstaking series of analyses, 
it was found that the sensitiser inherent in natural gelatin was concentrated in the liquors 
obtained by the acid treatment of the raw material after liming, and eventually it was found 
that the chemical properties of the sensitiser corresponded to those of allylthiourea and that 
therefore the gelatin sensitiser was essentially one which could produce silver sulphide specks in 
the silver bromide crystals. 

This discovery is perhaps the greatest advance made in Sheppard’s scientific career. All 
further study of the photographic properties of gelatin, of the nature of the sensitivity of silver 
halides, and of the latent image have been conditioned by it. Its publication won for Sheppard 
instant recognition. He was awarded the Adelskéld medal of the Swedish Photographic 
Society in 1929, the progress medal of the Royal Photographic Society in 1928, and the honorary 
fellowship of the Royal Photographic Society in 1926. In 1928 he delivered the Hurter and 
Driffield Memorial Lecture to the Royal Photographic Society, and in 1930 received the Nichols 
Medal of the American Chemical Society. 

From that time, Sheppard’s scientific work covered a prodigious range of knowledge. 
Besides the work on the latent image, he studied such matters as the photovoltaic effects—that 
is, the electrical response of silver halide to light—the colloidal structure of film base materials 
and their physicochemical and elastic properties, the nature of development, and particularly 
the nature of dye sensitising, the absorption of sensitising dyes to silver halides, the structure of 
the layers which they formed, and their sensitising effects. 

Sheppard realised that the solution of the problem of dye sensitising would involve not only 
the coupling of the dye to the silver halide lattice by absorption but an understanding of the 
nature of the absorption of light by the resonance structure of the dye. Thus he studied the 
absorption spectra of dyes in various solvents, in vapour phases, and when adsorbed to surfaces. 
This is the field which was chiefly engaging his attention when his health failed. 

The work thus far mentioned has been referred to the central theme, namely, the science of 
photography. The generalisation of his thought in terms of application to physical and colloid 
chemistry was characteristic of Sheppard. For example, his studies of the water equilibria of 
gelatin, the drying and swelling of gelatin, and the nature of the viscosity phenomena, led to 
allied studies of systems involving other polymeric materials, such as the cellulose esters. His 
work in viscosity led to the resuscitation of an earlier suggested but forgotten relationship 
between viscosity and temperature which gives a valuable insight into the nature of viscous 
flow. This relationship, which was simultaneously rediscovered by Andrade, is now 
fundamental in any consideration of viscosity. Thoughts on the nature of gelatin solutions, 
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cellulose ester solutions, and similar colloidal solutions, were probably responsible for his work 
on the electrophoresis of dispersions of rubber latex and his exceedingly valuable inventions 
relating to the electro-deposition of rubber. It is an interesting commentary on the diversity of 
his scientific work that the investigation on rubber came to its climax almost simultaneously 
with his discovery of the sensitising materials in gelatin. 

While never robust, Sheppard enjoyed good health until a few years ago, when he began to 
have trouble with his eyes, which culminated in the loss of one eye from glaucoma. At the 
same time, his heart was affected and continued to fail until in January 1948 he found it 
necessary to resign from his position with the Kodak Company. 

In 1912 Sheppard married Miss Eveline Lucy Ground; she and a son, Samuel Roger, survive 
him. 

Sheppard’s scientific career offers a contrast to that of many of his colleagues in the academic 
laboratories of the world. Very early in his life he became associated with an industrial 
laboratory, at a time when industrial laboratories were often chiefly analytical laboratories 
devoted to process control. But this association with technology did not only result in 
inventions and discoveries of great value to the art of photography, but also in a 
series of publications in the scientific papers of the world, papers which have ranged widely over 
many of the branches of physical and colloid chemistry. The rich diversity of his work may be 
ascribed to the conjunction of two circumstances: the driving curiosity which he possessed, 
fundamental in a scientist, and the complex art of photography, which, not only in its primary 
phenomena but in most of its associated procedures, was replete with facts for which the current 
knowledge had no explanation. Particularly among scientists of recent days one sees men 
whose whole life is spent with one technique, with the elaboration and enlargement of knowledge 
in one field, but photography took Dr. Sheppard from gelatin and biochemistry to latent image 
and quantum theory, from plasticity and cellulose esters to dyes and absorption spectra. 

More than any other single worker, Sheppard has been responsible for our present knowledge 
of the theory of the photographic process. He explored every section of the chemistry of that 
process, and everywhere his studies brought light. 

C. E. K. Megs. 
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